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ABSTRACT 
 
This study assesses the suitability of lateritic soil stabilized with demolished materials to use 
as a road sub base. A lateritic soil samples were taken from Burayu town and has been 
investigated. An attempt has been made in the study to achieve the Ethiopian Road authority 
specification requirement. Accordingly, lateritic soil was stabilized with demolished material 
proportion of 0, 10%, 15%, 20%, 25% and 30 % by weight of the total mix and laboratory 
tests such as compaction, grain size distribution, Atterberg Limit, California bearing ratio 
(CBR), unconfined compressive strength (UCS) and linear shrinkage are carried out to assess 
the alteration in its strength characteristics and index properties. By the addition of 
demolished material the least plasticity index value obtained were 12 %, 10%, 9%, and 12% 
for test pit 1, test pit 2, test pit 3, and test pit 4 at three meter depth respectively. The 
California bearing ratio of natural soil increased by 9.3%, 14.3%, 20.9%, 13.4% from the 
initial California bearing ratio for test pit 1, test pit 2, test pit 3, and test pit 4 at three meter 
depth respectively. The linear shrinkage result showed that linear shrinkage of natural soil 
decreased by 8%, 8.4%, 8.4%, and 7.6% from the initial linear shrinkage for test pit1, test pit 
2, test pit 3, and test pit 4 at three meter depth respectively. Based on the laboratory test 
results, it is shown that, 30% is the minimum demolished material for stabilization of lateritic 
soil to comply with the required technical specification specified in ERA manual. Besides 
lateritic soil responded very well to demolish material treatment and exhibited an 
improvement on its engineering properties including reduction in plasticity, increased strength 
and compaction characteristics.   
Key words:  Stabilization, Sub base, Lateritic soil, Construction and Demolished 
waste, California Bearing Ratio, Atterburg limit, Gradation 
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Chapter 1 INTRODUCTION 
1.1 General 
 
For soils to be suitable in civil engineering projects, they must meet existing requirements for  
strength  criteria  and  index  properties  to  use  them  as  sub  base  materials. Sub-base is an 
important load spreading layer in a completed pavement. It enables traffic stresses to be 
reduced to acceptable levels in the sub-grade, acts as a working platform for the construction 
of the upper pavement layers and serves as a separation layer between sub-grade and base 
course. The sub-base acts as a load spreading layer, also during construction, when it carries 
heavy site traffic. Under special circumstances, it may also act as a filter or as a drainage 
layer. 
One of the soil type used as sub base materials is lateritic soil .Researches on lateritic soil  has 
been carried out in Ethiopia where they are vastly available, but these soil fails to meet 
specifications due to their poor engineering properties. Different researcher describe their 
properties. Blight,(1997) discussed that these soils  are weathered under conditions of high 
temperatures  and humidity with well-defined  alternating  wet  and  dry  seasons  resulting  in 
poor  engineering  properties. Samuel (1989),  also discussed that  laterites are  grouped under 
group  of soils  with  a strong mineralogical influence derived from clay minerals only found 
in residual soils  Clay minerals with  certain  quantities  of  water  exhibits  property  of  
plasticity. Samuel (1989), said that by plasticity is meant   the property of the moistened 
material which is deformed under the application of pressure, with the deformed shape being 
retained when the deforming pressure is removed. Lateritic  soil has  a  high  percentage  of  
clay  fractions  and  consequently  high plasticity. Main characteristics of lateritic gravels and 
gravely soils as mentioned by Morine W.J. and Todor P.C. (1969) are the high content of 
fines. Consequently, such materials do not fit into the existing temperate zone classification 
systems for coarse grained soils (Lyon, 1971). In addition, laterites undergo property changes 
during construction.  
The most sensitive property is gradation as the nodules tend to crush under heavy compaction. 
Some laterites are gap-graded with a depleted sand - size fraction, to contain variable 
percentage of fines, and to have coarse particles of variable strength which may break down 
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in performance, limits their usefulness as pavement materials on highly trafficked roads. Such 
laterites such laterites need to be improved by appropriate stabilization measures (CIRIA, 
1995, Zelalem, 2005), Hence improvement of lateritic soils for road construction un-
avoidable. The effective use of these soils is therefore often hindered by difficulty in handling 
particularly under moist and wet conditions typical of tropical regions and can only be utilized 
after modification/stabilization. The modification/stabilization of engineering properties of 
soils is recognized by engineers as an important process of improving the performance of 
problematic soils and makes marginal soils perform better as a civil engineering material that 
is as building construction materials and road construction materials.  
To this end, a low cost method of improving the index properties and strength characteristics 
of lateritic soil is desirable. It has been found that lateritic soils respond to cement 
stabilization and in some cases, lime stabilization (Townsend F.C, 1985). However, cement, 
lime and chemicals stabilization methods are expensive. Instead demolished material can be 
used for the stabilization of laterite soil.  
Demolished materials are in large volume waste materials associated with the construction 
and demolition of buildings and highways including, concrete, stone masonry, hollow block, 
mortar, ceramics, brick, asphalt concrete, other building materials and products. It is 
observable that the leading urban development strategy in the country currently is the urban 
renewal approach by which the majorities of the existing structures are demolished and newly 
reconstructed (B.Genet, 2016). 
Currently demolition from construction activities is among the main causes of environmental 
pollution in Ethiopia. On the other hand, construction of highway pavement layers requires a 
large volume of quality materials, which their production is costly and environmentally 
disturbing, as they are taken from natural resources and used after processing. In addition, in 
some projects, suitable materials to be used for pavement construction, cannot be found near 
the project sites and need to be transported from long distances. Therefore, to recycle 
demolished material from construction is a two sided advantage in which both, environmental 
pollution from waste materials of construction and shortages of suitable highway materials 
could be solved (B.Genet, 2016). 
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Figure 1-1 Demolished construction waste at different construction sites in the city of Addis 
Ababa  
(a) Picture at Piassa (June,2017) 
(b) Picture at koye (June,2017) 
(c) Picture at kore (July,2017) 
(d) Picture at Teklehaymanot (July,2017) 
 
According to solid waste management proclamation No 513/2007 /12.1 urban administration 
may themselves undertake or enter into agreement with construction enterprise to refill solid 
waste disposal sites or quarry pits with pebbles or gravels from demolished building or with 
(a) 
   (b) 
  (d)   (c) 
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excavated earth. But from what can be seen the implementation is almost null. (Solid waste 
management manual, 2012).   
In this study an assessment of laterite soil stabilized with demolished materials has been 
made. This method is both low cost and ecofriendly. The demolished material used for this 
study is concrete, stone masonry, hollow block, mortar, ceramics, cement and lime fines 
obtained from the demolition of building.     .  
1.2 Statement of the problem 
 
At the time of road construction obtaining good road construction material is becoming 
scarcer and road construction cost is increasing, the use of locally available materials should 
be made as much as possible. One of the locally available materials is Laterite soils, however 
this soils has variable engineering properties, low bearing capacity and high plasticity because 
of high clay content and their failure to meet specifications. Stabilization needed to improve 
their engineering properties to meet the specification requirements. Different stabilization 
techniques were used like Portland cement, lime and chemical stabilizer but, all this 
techniques are expensive. Instead demolished materials can be used for stabilization. These 
materials are normally referred to as solid wastes which are generated during construction of 
new structures and demolition of commercial, residential and industrial area.  The need for 
using this demolished materials,  
  They are locally available free in large quantities results from the demolition of old structures 
and waste during construction of new structures. 
 The land required for dumping of the solid waste is higher. 
 This solid waste creates serious problems to the environment and health conditions. 
1.3. Objective 
1.3.1 General objective 
 
 To evaluate the performance of lateritic soil stabilized with demolished materials as a road 
sub base materials. 
 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
5 
 
1.3.2 Specific objective 
 
 To assess the engineering properties of lateritic soil and demolished material before 
stabilization.  
 To examine the engineering properties of lateritic soil after stabilized with demolished 
materials. 
 To determine the percentage of demolished materials for stabilization of lateritic soil to 
comply with the Ethiopian Road Authority technical specification as a sub base. 
1.4 Scope of the study 
 
The scope of the study is limited to investigating the index properties, strength characteristics, 
compaction effort of laterite soil blended with demolished materials per ERA specification 
requirement. Due to budget constraint the depth of investigation in this thesis is limited to 
maximum depth of three meters since it is difficult to excavate and take samples manually 
beyond this depth.   
1.5 Structure of the thesis 
 
This thesis contains five chapters and appendices. The first chapter contains introduction, 
statement of the problem, objectives, scope of the study and structure of the thesis. Chapter 
two covers a literature review containing characteristics and classification of lateritic soil, 
modification of existing materials and related works on lateritic soil in road construction. In 
the third chapter, the materials and methods used in this study has been presented. In the 
fourth chapter results and discussions are presented. In chapter five conclusion and 
recommendation are given. Reference materials used in the research work are appropriately 
sited and listed. The thesis ends with appendices which contain detail experimental results of 
laboratory investigation. 
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Chapter 2 LITERATURE REVIEW 
2.1. General 
 
The soil name "laterite" was coined by Buchanan (1807) in India, from a Latin word "later" 
meaning brick (Raychaudhuri, 1980). The extensive literature on laterite published since 
Buchanan’s time has produced a range of terms referring to many soil types. There is a 
tendency to apply the term to any red soil and rock in the tropics. Blight, (1997) describes 
laterites as highly weathered and altered residual soils formed by the in-situ weathering and 
decomposition of rocks under tropical condition.  
Laterites are rich in sesquioxides (secondary oxides of iron, aluminum or both) and low in 
bases and primary silicates but may contain appreciable amounts of quartz and kaolinite. Due 
to the presence of iron oxides lateritic soils are red in color ranging from light through bright 
to brown shades.             
2.1.1 Origin and formation of residual soil 
  
A residual soil is a soil-like material derived from the in-situ weathering and decomposition 
of rock which has not been transported from its origin location. Residual soils can have  
characteristics that are quite distinctively different from those of transported soils. Particles of 
residual soil often consist of aggregates or crystals of weathered mineral matter that break 
down and become progressively finer if the soil is manipulated.  The permeability of residual 
soils is usually governed by its micro and macro-fabric, jointing and by superimposed features 
such as slicken siding termite or other bio-channels (Blight, 1997).  
Residual soils are affected by 
1. Weathering process 
2. Topography 
3.  Climate 
 
Weathering process 
 
Residual soils are formed by the in situ weathering of rocks, the three major agencies of 
weathering being physical, chemical and biological processes. In the weathering process the 
parent rock and rock minerals break down, releasing internal energy and forming soils having 
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a lower internal energy which are more stable. Physical processes comminute the rock,  
expose fresh surfaces to chemical attack and increase the permeability of the soil to the 
percolation of chemically reactive fluids. Chemical processes, chiefly hydrolysis, cation 
exchange and oxidation alter the original rock minerals to form more stable clay minerals. 
Biological weathering includes both physical and chemical actions (Blight, 1997). Most 
commonly, residual soils form from igneous or metamorphic parent rocks, but residual soils 
formed from sedimentary rocks are not uncommon. Chemical processes tend to predominate 
in the weathering of igneous rocks, where as physical processes dominate the weathering of 
sedimentary and metamorphic rocks. However, chemical and physical weathering is so 
closely interrelated that one process never proceeds without some contribution by the other  
(Blight, 1997). 
Topography  
For a deep residual soil profile to develop, the rate at which weathering advances into the 
earth`s crust must be exceed the rate of removal of the products of weathering by erosion. 
Topography controls the rate of weathering by partly determining the amount of available 
water and the rate at which it moves through the zone of weathering. It also controls the 
effective age of the profile by controlling the rate of erosion of weathered material from the 
Surface. Thus deeper residual profiles will generally be found in valleys and on gentle slopes 
rather than on high ground or steep slopes. Soil profiles developed from basic igneous rock on 
hillsides. The depths of weathering increased down the slope, whereas kaolinite/halloysite 
was the predominant clay minerals at the top of the slope that at the bottom of the slope was 
smectite (Blight, 1997). 
 Climate 
Climate exerts a considerable influence on the rate of weathering. Physical weathering is 
more predominant in dry climates while the extent and rate of chemical weathering is largely 
controlled by the availability of moisture and by temperature. According to Uehara (1982) the 
clay mineralogy of the soils of the world changes in a predictable way with distance from the 
equator. Climates do not vary uniformly with distance from the equator, but are affected by 
topography, ocean currents, etc. Climate has further effects on the properties of tropical 
residual soils that of unsaturation. Even in sub-humid tropical or subtropical areas, water 
tables are often deeper than 5 to 10 m and the effects of unsaturation, desiccation and seasonal 
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or longer term re-wetting have to be taken into account in geotechnical design. There are 
many accounts of the effects of unsaturation on the behavior of soils and the best form of the 
effective stress relationship is governed by the stress difference ( - Ua) and the suction (Ua-
Uw) where Ua and Uw are, respectively the pore air and pore water pressures in the soil. In 
most practical situations, Ua equals the atmospheric pressure and can be equal to zero. The 
conventional form of the effective stress equation can be used with little error for soils that are 
unsaturation, but reasonably close to saturation (Blight, 1997; Hanna, 2008). The formation of 
lateritic soil involves three major processes which are identified as follows 
Decomposition: physico-chemical breakdown of primary minerals and the release of 
constituent elements (𝑆𝑖𝑂2, 𝐴𝑙2𝑂3, 𝐹𝑒2𝑂3, CaO, MgO, 𝐾2O, 𝑁𝑎2O etc.), which appear in 
simple ionic forms.                                  . 
Laterization: leaching under appropriate conditions, of combined silica and bases and the 
relative accumulation or enrichment of oxides and hydroxides of Sesquioxides (𝐴𝑙2𝑂3,𝐹𝑒2𝑂3, 
and 𝑇𝑖𝑂2). The level to which the second stage is carried depends on the nature and the extent 
of the chemical weathering of the primary minerals. Under conditions of low chemical and 
soil forming activity, the physico-chemical weathering does not continue beyond the clay-
forming stage, and tends to produce end products consisting of clay minerals predominantly 
represented by kaolinite and occasionally by hydrated or hydrous oxides of iron and 
aluminum. 
Desiccation: desiccation or dehydration involves partial or complete dehydration (sometimes 
involving hardening) of the Sesquioxide rich materials and secondary minerals. The 
dehydration of colloidal hydrated iron oxide involves loss of water and the concentration and 
crystallization of the amorphous iron colloids into dense crystals, in the sequence; Limonite,  
Goethite with Hematite to Hematite. Dehydration may be caused by climate changes,  
upheaval of the land, or may also be induced by human activities, for example by clearing of 
forests (Jiregna, 2008,). 
2.1.2 Classification of laterite soil 
 
Blight, (1997) proposed residual soils to be classify in to three groups on the basis of 
mineralogical composition alone, without reference to their undisturbed state. His suggested 
group are  
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1. Group A: soils without a strong mineralogical influence. 
2. Group B: soils with strong mineralogical influence deriving from clay minerals also 
commonly found in transported soils. 
3. Group C: soils with a strong mineralogical influence deriving from clay minerals only found 
in residual soils. 
 The group C, can be classified in to three sub-groups (Blight, 1997)              
A) Halloysitic soils: The principal influence of halloysite appears to be that the engineering 
properties of the soil are good, despite a high clay fraction, and fairly high values of natural 
water content in terms of Atterberg Limits (i.e. a high Liquidity Index). 
B) Allophonic soils: are probably the most distinctive of all residual soils due to the very 
unusual properties of the amorphous mineral allophone. Allophone soils have a natural 
moisture contents ranging from about 80% to 25%, but which still perform satisfactorily as a 
construction material. They are superior to other soils with similar water contents.             
 (c) Soils influenced by the presence of Sesquioxides: The principal role of sesquioxides 
appears to be act as cementing agents, which bind the other mineral constituents in to clusters 
or aggregations. With sufficient concentration of sesquioxides, the hard concretionary 
materials called laterite will be formed. This sub group perhaps be termed as lateritic group 
(Blight, 1997). The extent of laterization of residual soil may be measured by the ratio of 
silica (𝑆𝑖𝑂2) remaining in the soil (except for discrete pebbles of free quartz that may remain) 
to the amount of 𝐴𝑙2𝑂3 𝑎𝑛𝑑  𝐹𝑒2𝑂3 that has accumulated. The silica: sesquioxide ratio    
                       
𝑆𝑖𝑂2
  𝑅2𝑂3
  = 
𝑆𝑖𝑂2
𝐹𝑒2𝑂3 +𝐴𝑙2𝑂3
 
Has served as basis for classification of residual soils. Ratios less than 1.33 have been 
considered indicative of true laterites. For lateritic soils the ratio lies between 1.33 and 2.00 
and those greater than 2.00 are non-lateritic tropically weathered soils (Lyon, 1971). 
Generally, classification of laterites is also possible according to its genetic basis, size of 
particle and degree of concretion. Besides the suggested grouping system presented, an 
additional item of formation which is usually of major importance in influencing the 
properties of residual tropical soils is the type of the parent rock and should always be 
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included in the grouping processes. It was found that most of the tropically weathered soils of 
Africa could be divided in to three groups on a genetic basis, determined by the soil- forming 
factors. The three major groups of significance have been defined by D’Hoore 1964, (Lyon, 
1971).These are  
1) Ferruginous Soils: these occur in semi-arid to moist sub humid conditions for lateritic soils, in 
areas with pronounced dry seasons. Ferruginous soils are common they are hard and durable. 
Marked separation of iron oxide is frequently observed which may be leached or precipitated 
with the profile .kaolinite is the predominant clay mineral in this type.it requires an average 
rainfall of 600 to 1800 mm for its formation.   
2) Ferallitic soils: these occur in most sub-humid to very humid areas for lateritic soils and in 
areas with dense vegetation cover. Gibbsite is the most common clay mineral observed and 
other hydrated forms of alumina occur as well as hydrated iron materials. Halloysite is fairly 
common over volcanic rocks. The annual average rainfall requirement for its formation is 
1500 to 4000 mm. both of the above soils have SiO2/R2O2 ratio of less than 2.0 and are 
classified either as lateritic or laterite soils.     
3)  Ferrisols: Those are formed over all types of rocks in intermediate to high rainfall areas 
where erosion has kept the place with profile development. They have similar profiles to 
ferallitic soils, but with few weatherable minerals remaining. The entire clay fraction 
comprises Kaolinite and amorphous oxides of iron and aluminum. These are developed at 
deeper levels due to the surface erosion, and occur in regions of annual average rainfall of 
1250 to 2750mm. 
 According to Morine W.J. and Todor P.C. (1976), Ethiopian laterites fall under this group 
(Blight, 1997). Moreover, based on soil forming factors, climate, topography, vegetation and 
parent rock, tropical soils may be classified as, Latosols, Andosols and Saprolites in addition 
to the above three groups (lylon, 1971). 
I) Latosols and Andosols: These are generally formed from weathering of volcanic rocks under 
humid tropical conditions. Halloysite and Allophone are common clay minerals and these 
soils have usually high moisture content.  
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II)  Saprolite soils: They are residual soils with clear structural features inherited from its parent 
rock. These soils have fragial character in grain size and the bond could be strongly affected 
when pulverizing.  
Moreover, Anthony Young, 1976, Lyon, 1971 and Jiregna, 2008 have distinguished the 
following main types and sub-division of laterite: 
 1) Massive laterite: possess a continuous hare fabric, sub divided in to  
a. Cellular laterite: with cavities approximately rounded  
b. Vascular laterite: with cavities approximately tubular  
2) Nodular laterite: consists of individual particles approximately rounded also called        
pisolithic laterite) sub divided in to  
a) Cemented nodular laterite: individual concretions can be seen but are strongly 
joined together by the same iron stone material. 
b) Partially cemented nodular laterite  
c) Non - cemented nodular laterite: concretions from over 60 % by weight of the 
total soil. 
d) Iron concretions: are separated by soil- but forms less than 60% by weight of 
the total horizon. 
3)  Recemented laterite: This contains fragments of massive laterite or ferrugnized rock, 
broken and wholly or partly cemented. 
4) Ferrugnized rock: Here, rock structure is still visible, but with substantial isomorphous 
replacement by iron. 
 5) Soft laterite: Mottled iron-rich clay, which hardens irreversibly on exposure to air repeated 
wetting and drying 
2.1.3 Index tests on laterite soil 
2.1.3.1 Moisture Content  
 
The conventional test for the determination of moisture content is based on the loss of water 
when a soil is dried to a constant mass at a temperature between 105 and 110 ºC. In many  
residual soils however, some moisture exits as water of crystallization, within the structure of 
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minerals presented in the soils particle. Some of this structural moisture may be removed by 
drying at the above temperature assuring the behavior of the soil.  
2.1.3.2 Atterburg limit 
 
Soils containing clay exhibit a property called plasticity. Plasticity is the ability of a material 
to be molded (irreversibly deformed) without fracturing. This behavior is unique to clay and 
arises due to the electrochemical behavior of clay minerals. The stiffness or consistency of 
fine grained soils depends on their moisture content, and varies with variations in the amount 
of moisture present. Atterberg limits define the moisture contents at which the soil changes 
from one state to another. These include the liquid limit, the plastic limit and shrinkage limit. 
Atterberg limit tests are used to determine the plastic and liquid limits of a fine grained  
soil. The liquid limit may be defined as the minimum moisture content at which the soil will 
flow under the application of a very small shear force. At this moisture content the soil is 
assumed to behave practically as a liquid. The plasticity limit may be defined in general 
terms, as the minimum moisture content at which the soil remains in plastic condition. The 
plastic limit is further described as the lowest moisture content at which the soils can be rolled 
in to thread of 3.2mm diameter without crumbling. The “Plasticity index” (PI) of a soil is 
defined as the numerical difference between the liquid and plastic limits. It thus indicates the 
range of moisture content over which the soil is in a plastic condition. (Das, 2010). 
2.1.3.3 California bearing ratio 
 
The California bearing ratio (CBR) is to determine the relationship between force and  
penetration when a cylindrical plunger of a standard cross-sectional area is made to penetrate 
the soil at a given rate. At certain values of penetration that ratio of the applied force to a 
standard force expressed as a percentage (BS, 2001). 
                            CBR value = 
𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑙𝑜𝑎𝑑  
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑙𝑜𝑎𝑑 
* 100 
The CBR values are used to determine the thickness of various layers. As it is evident, the 
required thickness of construction above a material decreases as the CBR value increases  
(K.R. ARORA, 1997). 
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2.1.3.4 Specific gravity  
 
The specific gravity of solid matter in a soil particle may be defined as the ratio of the unit 
weight of solid matter to the unit weight of water. It is essential in relation to other tests 
especially for calculating porosity and voids. The specific gravity of a soil is used in 
calculating the phase relationships of soils water, and solids in a given volume of soil. 
(Krishna R, 2002).   
 The specific gravity has been used as a measure of the degree of maturity (laterization). 
Lateritic soils have been found to have very high specific gravities values between 2.6 
to 3.4 (Lyon, 1971).  
2.1.3.5 Unconfined Compressive Strength Test (UCT) 
 
The Unconfined Compression Test is special case of the undrained test. No confining  
pressure is applied to the soil specimen throughout the test. The test can be performed by 
applying a load in a simple loading frame. At the start of the test, the unsaturated soil 
specimen has negative pore – water pressure, and pore air pressure is assume to be 
atmospheric. The soil matric suction (ua-uw), is therefore numerically equal to pore –water 
pressure. 
The soil specimen is sheared by applying an axial load and failure is reached. The Deviator 
stress, (σ1-σ3), is equal to the major principal stress and, σ3, is equal to zero. The compressive 
load is applied quickly in order to maintain conditions. This should apply to both in pore –air 
and pore – water phases. The pore - air and pore – water pressures are not measured during 
compression. The excess pore pressure developed during Unconfined Compression Test can 
be theoretically related to the major principal stress through use of the D or B pore pressure  
parameter (Fredlundand, 1993). 
2.2 Laterites as construction materials 
 
Concretionary laterites are valuable road pavement materials, widely used in the tropics as 
sub base, base material and for gravel roads. The term laterite, however, has tended to be 
indiscriminately applied in tropical highway engineering to any red soil, and as a result the 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
14 
 
usefulness of laterites for road construction has been under-estimated (CIRIA, 1995 and 
Zelalem, 2005). Laterites are a good material for embankment construction. Laboratory 
testing to check the suitability of concretionary laterites to be used as road pavement materials 
should take into account how these materials are affected by the testing procedures. Some 
lateritic soils are sensitive to pre-treatment and testing procedures. So laboratory testing 
should be simulated to site condition (CIRIA, 1995 and Zelalem, 2005). Main characteristics 
of lateritic gravels and gravely soils as mentioned by Morine W.J. and Todor P.C. (1969), are 
the high content of fines. Consequently, such materials do not fit into the existing temperate 
zone classification systems for coarse grained soils (Lyon, 1971). In addition, laterites 
undergo property changes during construction. The most sensitive property is gradation as the 
nodules tend to crush under heavy compaction. Some laterites are gap-graded with a depleted 
sand-size fraction, to contain variable percentage of fines, and to have coarse particles of 
variable strength which may break down in performance, limits their usefulness as pavement 
materials on highly trafficked roads. Such laterites need to be improved by appropriate 
stabilization measures (CIRIA, 1995, Zelalem, 2005).  
Laterites of use to the road and embankment construction material are generally thin strata 
occurring at shallow depth. So a great care should be taken during material investigation and 
excavation for construction material production. The deposit is likely to vary in thickness, 
depth and quality both along-slope and down-slope. Hence, care should be taken to prevent 
contamination of laterite while removing overburden and stockpiling the laterite (Zelalem, 
2005). 
2.3 Stabilization of soils 
 
In Ethiopia where economic development is based on primarily on agriculture, a network of 
major highways, secondary roads, and low-cost feeder roads is of utmost important. Economy 
requires that local materials be used in the construction of these roads. Yet, untreated lateritic 
materials have presented many problems in road construction and maintenance. Soil 
stabilization is the alteration of the properties of an existing soil either by blending (mixing) 
two or more materials and improving particle size distribution or by the use of stabilizing 
additives to meet the specified engineering property. Due to their mineralogical composition, 
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soils may be rather complex materials. Stabilization is therefore not a straight forward 
application of a given stabilizing agent; a number of aspects should be taken into account in 
the selection of the proper stabilization technique. The factors that should be considered 
include physical and chemical composition of the soil to be stabilized, availability and 
economical feasibility of stabilizing agents, ease of application, site constraints, climate, 
curing time, and safety. Such factors should be taken into account in order to select the proper 
type of stabilization (lecture note, Girma, 2008).\ 
When selecting a stabilizing agent, different factors must be considered. These are: 
 Types of soil to be stabilized 
 Purpose for which the stabilized layer will be used 
 The desired quality of the stabilized soil 
 Required strength and durability of the stabilized layer 
 Cost and environmental conditions 
According to TRL (1993) stabilization can enhance the properties of road materials and 
pavement layers in the following ways.   
 A substantial proportion of their strength is retained when they become saturated 
with water 
 Surface deflections are reduced 
 Resistance to erosion is increased. 
 Materials in the supporting layer cannot contaminate the stabilized layer. 
 Materials in the supporting layer cannot contaminate the stabilized layer. 
 The effective elastic moduli of granular layers constructed above stabilized layers 
are increased 
Stabilization is a process by which the property of soils are improved so as to meets 
the construction requirement. Soil stabilization may be broadly classified as mechanical and 
chemical stabilization (Teferra & Leikun, 1999). 
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2.3.1 Mechanical stabilization 
 
Mechanical stabilization can be defined as a process of improving the stability and shear 
strength characteristics of the soil without altering the chemical properties of the soil 
(Molenaar, 2005). These include compaction, excavation and replacement and mixing of 
different soils.    
2.3.2 Chemical stabilization 
 
In chemical stabilization soil is stabilized by adding different chemicals or other materials. In 
this category, soil stabilization depends mainly on chemical reactions between stabilizer and 
soil mineral to achieve the desired effect (Makusa, 2012). Soil improvement by chemical 
stabilization can be grouped in to three chemical reactions: cation exchange, flocculation-
agglomeration, and pozzolanic reaction. 
Cation exchange  
The excess of ions of opposite charge (to those of the surface) over those of like charge  
present in the diffused double layer are called exchangeable ions. These ions can be replaced 
by a group of different ions having the same total charge by altering the chemical composition 
of the equilibrium electrolyte solution (Winterkorn & Pamukcu, 1990). Negatively charged 
clay particles absorb cations of specific type and amount. The ease of replacement or 
exchange of cations depends on several factors, primarily the valence of the cation. Higher 
valence cations easily replace cations of lower valence. For ions of the same valence, the size 
of hydrated ions becomes very important; the larger the ion, the greater the replacement 
power. If other conditions are equal, trivalent cations are held more tightly than divalent and 
divalent cations are held more tightly than monovalent cations. 
A typical replaceability series is 
𝑁𝑎+ , 𝐿𝑖+ , 𝐾+ , 𝑅𝑏+ , 𝐶𝑠+ , 𝑀𝑔2+, 𝐶𝑎2+, 𝐵𝑎2+, 𝐶𝑢2+, 𝐴𝑙3+, 𝐹𝑒3+, 𝑇ℎ4+ 
𝑁𝑎+  Up to 𝑅𝑏+  ions have the same valance therefore replaceability depends on the size of 
hydration ion so 𝑅𝑏+ is larger ion than 𝑁𝑎+  that means 𝑅𝑏+ has larger replaceability 
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potential and when comparing 𝑁𝑎+  to 𝑇ℎ4+ , because 𝑇ℎ4+  is higher balance cation than 𝑁𝑎+  
replaceaility potential of 𝑇ℎ4+  is higher than 𝑁𝑎+. 
Example of the cation exchange 
𝐶𝑎2+ + 𝑁𝑎+𝑐𝑙𝑎𝑦 → 𝐶𝑎2+ + 𝑐𝑙𝑎𝑦 + (𝑁𝑎+) 
The above example shows lower valance cation that is 𝑁𝑎+  is replaced by higher valance 
cation, 𝐶𝑎2+. 
Flocculation and Agglomeration 
Cation exchange reactions result in the flocculation and agglomeration of the soil particles 
with consequent reaction in the amount of clay size materials and hence the soil surface area, 
which inevitably accounts for the reduction in plasticity (Terzaghi, Peck, & Mesri, 1996). Due 
to change in texture, a significant reduction in the swelling of the soil occurs. 
Pozzolanic Reaction 
Time dependent pozzolanic reactions play a major role in the stabilization of the soil, since 
they are responsible for the improvement in the various soil particles (Show et al., 2003). 
Pozzolanic constituents produce calcium silicate hydrate (CSH) and calcium aluminate 
hydrate (CAH). 
𝐶𝑎2++ 2(OH) + 𝑆𝑖𝑶𝟐 (clay Silica) → CSH 
𝐶𝑎2+ + 2(OH) + 𝐴𝑙2𝑂3 (clay Alumina) →CAH  
The calcium silicate gel formed initially coats and binds lumps of clay together. The gel then 
crystallizes to form an interlocking structure; thus, strength of the soil increases (Sivapullaiah, 
2006). 
2.4 Related works on stabilization of lateritic soil in road construction 
 
To effectively use lateritic soil for construction works different studies have been made. Some 
previous research works discussed the implementation of Con-Aid chemicals, ordinary 
Portland cement and lime as stabilizer materials for laterite soils. Lasisi (1977) reported that 
about 10% of cement will be needed to stabilize lateritic soils to produce blocks of the same 
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order of magnitude of strength as for sand Crete blocks for use as masonry units in building 
construction. Ola (1978) also worked with cement, lime and bitumen-stabilized lateritic soils 
and found that these stabilized soils could be used as base and sub-base materials in highway 
construction. Akinmusuru (1981) investigated the crushing strength of fiber- reinforced earth 
blocks made from lateritic soil with pieces of locally available fiber. Lasisi (1984) worked on 
cement – stabilized lateritic soils to further classify the usefulness and limitations of lateritic 
soils. All these studies have been trying to find practical results for the appropriate utilization 
of these locally available lateritic soils. Recent works includes the studies of Goswami and 
Mahanta (2006) entitled ‘Leaching characteristics of residual lateritic soils stabilized with fly 
ash and lime for geotechnical applications’ also Umar, Alhassan, Abdulfatah and Idris (2013) 
studied ‘Beneficial use of Class-C Fly Ash in Improving Marginal Lateritic Soils for Road 
Construction’. And Amu, Bamisaye, & Komolafe, (2011) did a reaserch intitled ‘The 
sutablity and lime stabilizatio requiremet of some lateritic soil sample as pavement ‘and 
showed the addition of lime to the samples caused a reduction in the plasticity index of the 
samples. 
2.4.1 Stabilization of laterite soil with chemicals stabilizer 
 
Investigation into the improvement of laterite soil with the use of chemical stabilizer was 
made using samples collected from Gidole, south Ethiopia [Abas Kedir, 2011]. The 
application of liquid chemical stabilizer improves their properties as un-surfaced earth road 
construction materials. The Atterberg limits, compaction and soaked CBR tests carried out 
without and with Con-Aid chemical, to evaluate the change in the engineering properties of 
the stabilized soil after curing the treated samples for different periods. From the test results, 
were not seen a promising reduction of plasticity, increment of maximum dry density and 
improvement of CBR value. Con-Aid changes water adsorption nature of clay minerals to 
water repellant, rendering the material stable in wet conditions. In addition to this, Con-aids 
lubricates the particles, facilitating compaction of soil to a higher density, increasing the 
bearing capacity of the soil, (user manual, con-aid). 
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2.4.2 Stabilization of lateritic soil with marble dust  
 
Investigation into the improvement of laterite soil with the use of marble dust was made using 
samples collected from Mekanejo area [Blen Assefa, 2016]. The lateritic soil responded very 
well to the marble-dust treatment, as exhibited in improvement of its strength, and its 
increased resistance to softening by water. 20% marble dust is the optimum quantity in terms 
of improving plasticity index, maximum dry density and soaked and unsoaked CBR 
properties but for unconfined compressive value, the optimum marble dust content is 8%. The 
addition of marble-dust to the lateritic soil has beneficial effects on its engineering properties, 
including reduction in plasticity, improved workability, increased strength, more resistance to 
moisture effect, and enhanced durability. Besides a trial pavement design revealed that 
lateritic subgrade stabilization results in thinner pavement structures, and hence reduces costs 
of road construction.   
2.4.3 General description of demolished materials 
 
Solid waste materials are normally referred to as solid wastes which are collected near 
curbsides; or generated by construction and demolition (C&D) or commercial and industrial 
activities. C&D materials are the excess or waste materials associated with the construction 
and demolition of buildings and structures, including concrete, brick, reclaimed asphalt, steel, 
timber, plastics, and other building materials and products. Waste material is the material 
unused, unwanted and rejected as worthless into the environment in our society as whole. 
Waste materials nowadays are posing a great environmental problem in disposing them into 
the air, water and on the land. But, with proper utilization of these materials in construction 
industry as well as in making road pavements will greatly help the society to have a better and 
pleasant environment (Robert M. and Mehmet Cetin, 2012). Here are some of related works 
on the use of demolished materials as stabilizer for sub base and base courses.  
2.4.4 Application of the construction demolition waste for improving the performance 
of sub grade and sub base layers 
Robert M. and Mehmet Cetin, 2012 conducted a study on the feasibility of the application of 
construction demolition Waste (CDW) for improving the performance of subgrade and sub 
base layers in highways. 30% of CDW by weight was added to a locally available soil. On 
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this mixture, as the percentage of demolished material increased, Optimum Moisture Content 
and free swell minimized and California Bearing Ratio and Maximum Dry Density values 
increased. Sub base of CDW is used, for the most economical pavement design, a reduction of 
12 inches of sub base thickness is achieved while keeping the top two layer thicknesses the 
same. 
2.4.5 Construction of rural roads using construction and demolished waste materials 
 
The sub-base strength of the rural road is increased by partially replacing it with C&D waste 
materials. At 15% demolished cement with lateritic soil the values of CBR increased from 2.7 
% to 23.84%. By addition of C&D waste materials in the sub-base layer of the road structure, 
the conventional laterite layer of rural road formation is further strengthened, quantity of 
utilization of laterite is reduced and thus leads to cost reduction in road laying. Due to the 
improvement of the strength in the sub-base layer subsequently the water bound macadam 
layer which is laid on the top of laterite layer will be stabilized further, thus increasing the life 
of the rural roads to a certain extent. (S. Saravanan, D. Muthu and K. Ramakrishnan, 2016). 
2.4.6 Review on stabilization of clayey soil using fines obtained from demolished 
concrete structures  
 
Highway engineers are constantly searching for new and innovative engineering methods and 
techniques to minimize the use of natural resources as well as to protect the environment. 
Road construction is one of the main fields where researchers are studying the use of 
alternative materials. A number of waste products are currently being used in a variety of 
highways applications,since 1999, in view of the huge quantities of construction and 
demolition Wastes (C&DW). Vipul K, Vinod K and Umar J, 2015 conducted a study on the 
possible utilization of fines obtained from C&DW materials as stabilizing agent for sub-grade 
soils. Material engineers are persistently looking for suitable and cheaper stabilizers for use in 
clayey soil stabilization as alternatives to costly additives, like, cement, lime etc. Since 
C&DW contains aggregates of variable sizes including coarser and finer, coarser fraction had 
been used as recycled aggregates in pavement construction but finer fractions is being left out 
still as waste material. The material passing through 1.18 mm IS sieve contains both cement 
and sand in sufficient quantity and which being fine enough to alter the soil gradation; on 
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admixing of the same could improve the packing density of the soil mass and at the same time 
there would be chemical reaction to some extent due to presence of enormous remnant cement 
grains. Hence, in the present study; efforts have been made to utilize these fines as a soil 
stabilizer for improving the properties of clayey soil as subgrade. Using C&D waste in soil 
stabilization helps to reduce the hazardous environmental impacts of the waste and improves 
the engineering properties of soil which ultimately reduces the cost of construction and 
increases the life of the structure built on stabilized soil. (Vipul K, Vinod K, Umar J, 2015). 
Kumar (2015) conducted a study on use of construction and demolition waste. The study 
concludes that construction and demolition wastes like bricks, concrete, tiles etc. may be used 
for mechanical stabilization of very poor soils, by adding extra cementitious materials or 
commercial stabilizers. The C&D waste material shall have gradation. Alternatively, it may 
be used partly as soil after doing testing on leachability, durability in addition to unconfined 
compressive strength. After satisfactory trial results, this type of mixed material may be used 
for stabilization of poor soil alone or by mixing with some good soils and/or with suitable 
additives. The unconfined compressive strength obtained shall be 0.8 MPa for sub base and 
1.75 MPa for base course. Thomas et al. (2013) enlightens the importance of reduce, reuse 
and recycle (3R) concept for managing construction waste in India. The study shows that the 
total quantum of C&D waste generated in India is estimated to 11.4 to 14.69 million tonnes 
per annum. 
The urgent need for recycling is of global concern and is driven mainly by environmental 
considerations and the growing disposal cost into the landfills in many countries. It is widely 
accepted that recycling and subsequent reuse of Construction & Demolished materials will 
reduce the quantity of this waste material destined for landfills and lead to a more sustainable 
environment. The usage of C&D materials in pavement applications is a sustainable option to 
minimize the C&D waste while reducing the demand for scarce virgin quarried materials. A 
number of waste products are currently being used in a variety of highways applications, such 
as rubber, fly ash, wood ash, rice husk ash, cement kiln dust etc. had been used by the 
researchers as soil stabilizers. The use of construction and demolition waste is undermined 
and has not been fully used as soil stabilizer. Here in this thesis work the use of demolished 
materials as stabilizer for lateritic soil is proposed.  
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Chapter 3 MATERIALS AND METHODS 
 
3.1 General description of the study area  
 
Burayu town is located in the western fringe of Addis Ababa, along the Addis Ababa-
Nekemte road at about 10 kilometers from the center of Addis Ababa. Astronomically, the 
town extends roughly from 9° 02′ to 9° 02′30′′ N latitudes and 38° 03′30′′ to 38° 41′30′′ E 
longitudes. It is bounded by: Addis Ababa city administration in the east, Sebeta Hawas 
district in the south and Wolmera district in the north and west. Burayu Town has a total land 
mass of about 64.5 square kilometers and shared more than 15 km of boundaries with Addis 
Ababa city administration. Burayu Town has 6 kebeles namely: Lakukuta, Burayu keta, 
Gefersa Burayu,, Gefersa Guje, Melka Gefersa, and Gefersa Nono. 
 
 
Source: FUPI, 2006  
Figure 3-1 Base map of Burayu town 
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3.2 Sample description 
 
3.2.1 Lateritic soil description 
 
The soil specimens for this thesis work were collected from different kebeles of Burayu town. 
Prior to sampling, visual site investigations were made to consider the different soil types. 
Accordingly, four test pits were selected from different locations of the town. For the selected 
test pits subsurface exploration was performed by boring test pits up to 3 m depth beneath 
existing sub grade manually. The distributed samples were covered with plastic bags and the 
frequency of the disturbed sample is as follows: for TP1, TP3 and TP4 six disturbed sample at 
1.50 and 3.00 m depth below ground level and for TP2 boulder was encountered making the 
excavation difficult and only one sample at 1.5m depth below ground level were taken. TP3 is 
indicated in Figure 3.2 with elevation topography about 2595 m above sea level, TP1 is 
indicated in Figure 3.2 at 3Km from TP3 with elevation of 2524 m, TP4 is indicated in Figure 
3.2 at 5Km from TP1 with elevation 2615m and TP2 is indicated in Figure 3.2 at 4km from 
TP4 about elevation topography of 2536m above sea level. Test pit distribution and sampling 
location with the global coordinates i.e. northing, easting and elevations, are shown in table 
3.1.   
Table 3.1 Sample location and Test pit distribution 
 
 
 
 
Kebeles  
Elevation     
(m) 
Northing  Easting  Depth      
(m) 
test pit  
number  
samples 
taken  
Gefersa Burayu 
2524 457925 1004416 1.5m 
TP1 
1 
    3m 1 
Melka Gefersa 2536 465639 998309 1.5m TP2 1 
Leku keta 
   1.5m 
TP3 
1 
2595  465231 1001703 3m 1 
Burayu Guji 
   1.5m 
TP4 
1 
2615 460047 1001360 3m 1 
    Total 4 7 
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Figure 3-2 Location of test pits on the map of Burayu town 
 
3.2.2 Demolished material description 
 
Demolished materials specimens for this thesis work were collected based on location and 
accessibility from dumping areas at different demolished and construction places of Addis 
Ababa. Before the soil samples were collected, supervision on the different dumping places 
for wastes generated by construction of new structures and demolition of old structures has 
been made. Accordingly, the following places for demolished material selected and 
summarized in the table below. 
Table 3.2 Location for demolished materials 
Location/ places  Waste type  
Piassa Waste during construction  
Koye feche Waste during construction 
Kera Waste from demolition of old structure   
Teklehaymanot Waste from demolition of old structure   
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
25 
 
3.3 Sample preparation 
 
Soil samples were prepared for the test by air drying and sieving to the required size. For 
the treated samples, lateritic soil- demolished material mixtures were prepared with 
demolished material percentage of   0, 10%, 15%, 20%, 25%, 30% and 35% by dry weight of 
the total mix. The stabilization process in the laboratory must simulate the actual field 
construction operations on stabilized material in the road works. The stabilizing process 
involves the addition of a stabilizing agent to the soil, intimate mixing with sufficient water to 
achieve the optimum moisture content, compaction of the mixture and final curing to ensure 
that the strength potential is realized (TRL, 1993). 
3.4 Laboratory test interpretation and test procedure  
 
For the selected samples the following laboratory tests were conducted. 
 Natural moisture content (AAHSTO T93-86) 
 Compaction test  (AASHTO T-180) 
 California  Bearing  Ratio test  (AASHTO T-193) 
 Atterburg limit (AASHTO T-89 and T-80) 
 Sieve analysis Wet-Sieve Analysis (AASHTO T88) 
 Unconfined compression strength test  (ASTM D2166) 
 Specific gravity  (ASTM D 854, 92) 
 Linear shrinkage (BSI 1377:part 2:1990) 
3.4.1 Mineralogical and Geochemical tests of samples  
 
The mineralogical composition is considered to be more important in explaining the physical 
properties of laterite properties of laterite and lateritic soil. The mineralogical constitutes can 
be divided in to major elements, which are essential to laterization and minor elements, which 
do not affect the laterization process. The major constitutes are oxides and hydroxides of 
alumiium and iron, with clay minerals and to a lesser extent manganese, titanium and silica. 
The minor constitutes are residual reminants. Geochemical tests were conducted at geological 
survey of Ethiopia geochemical laboratory. Atomic Absorption Spectrometer and Colorometer 
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Analysis methods were used to get the percentage oxide composition of the soils and 
demolished materials under investigation. 
3.4.2 Natural moisture content 
 
3.4.2.1 General  
 
This test is one of the most significant index properties used in establishing a correlation 
between soil behavior and its index properties. The water content of a material is used in 
expressing the phase relation of air, water, and solids in a given volume of material. Along the 
samples profile the visual color observed was from chocolate brown to red brown. From the 
sampling site, moist soil samples were collected using platic bags. The plastic bags were tied 
to reduce loss of natural moisture content. 
3.4.1.2 Test procedures 
 
According to AASHTO T93-86 Moisture contents were determined for the soil samples under 
investigation using oven temperature of 105 °c for 24 hours. Moisture content shall be 
determined by the ratio of mass of water to mass of soil. 
3.4.3 Compaction test 
 
3.4.3.1 General  
 
Compaction is a process of packing the soil particles by reducing the air voids in the soil 
through mechanical means. Soils have to be compacted to a dense state to improve their 
engineering properties like shear strength and therefore bearing capacity, stiffness and reduce 
settlement, compressibility and permeability. A particular amount of water, which causes 
maximum lubrication, without becoming excess to cause hindrance is called optimum 
moisture content (OMC) and at this stage the soil would compacted at a density called 
maximum dry density (MDD) (James, 1976). The purpose of a laboratory compaction test is 
to determine the proper amount of mixing water to use when compacting the soil in the field 
and the resulting degree of denseness can be expected from compaction at this optimum water 
content (W.Lambe, 1951). 
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3.4.3.2 Test procedures 
 According to AASHTO T-180 laboratory modified proctor compaction test was used to 
determine the maximum dry density and optimum moisture content of soil under 
investigation. 3000g of air dried laterite with demolished material samples were prepared by 
measuring their proportion and made to pass through 19mm sieve size. The soil samples with 
demolished material mixed with water. The soil samples are compacted in five layers in a 
101.6mm diameter steel mould with a Rammer of 4.5 kg weight falling freely from a height of 
305mm manually. Each layer was compacted 25 blows. 
3.4.4 California Bearing Ratio 
 
3.4.4.1 General  
 
The California Bearing Ratio test is conducted for evaluating the suitability of a soil for 
use as a sub grade, sub base or base course material in highway construction form laboratory 
conducted specimen. The test measures the shearing resistance of a soil under controlled 
moisture and density conditions, i.e., usually at optimum moisture content and corresponding 
degree of maximum dry density relevant to field compaction value (Bowles, 1978). 
3.4.4.2 Test procedures  
 
According to AASHTO T-193, the method uses soil particles that pass 19 mm size and 
provides after the determination of the optimum moisture content (OMC) and natural moisture 
content, calculate the amount of water for each CBR test. 5000 grams of air dried samples 
were prepared to pass through 19mm sieve for different proportion of demolished material 
with lateritic soil. The soil samples mixed with demolished material and optimum water. 
Three different samples were compacted in three layers of 10 blows, 30 blows, and 65 blows. 
The specimen shall be soaked prior to penetration. This test simulates the prospective actual 
condition at the surface of the sub-base. A surcharge is placed on the surface to represent the 
mass of pavement material above sub-base. The sample is soaked for 4 days to simulate its 
weakest condition in the field Expansion of the sample is measured during soaking to check 
for potential swelling. The principle to find CBR is to determine the relation between force 
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and penetration when a cylindrical plunger with a standard cross-section area is made to 
penetrate the soil at a given rate. At certain values of penetration the ratio of the applied force 
to a standard force, expressed as a percentage, is defined as the California Bearing Ratio 
(CBR). The Californian Bearing Ratio (CBR) shall be determined at 95% of the maximum dry 
density.  
3.4.5 Atterburg limit  
3.4.5.1 General  
 
Atterberg limit tests are carried out to determine the consistency of fine-grained soils. Rossiter 
D.G. (2004) mentioned that this test for lateritic soils normally give large range of results. 
Morin W.J. and Todor P.C. (1969) also indicated that when liquid limit tests are carried out on 
lateritic samples the aggregation of clay particles will be broken down by the manipulation 
process, this leads to difficulties in obtaining consistent values for liquid limit (Lyon, 1971, 
Zelalem, 2005). 
3.4.5.2 Test procedures  
 
 Air dried soil sample were prepared by spreading out the soil on plastic in the laboratory and 
leaving it open to the air. Prepared 300 grams of soil sample passing No.40 (0.425mm) sieve 
for lateritic soil samples with different proportion of demolished material proportion. The soil 
samples mixed with demolished material and water. For the determination of the Atterberg 
limit values the samples were tested following the procedure given in AASHTO T89 and T90. 
3.4.6 Linear shrinkage 
 
3.4.6.1 General  
 
The linear shrinkage test offers a convenient method to confirm that the test results for the 
plasticity index are reasonable. Most types of soil exhibit a relationship between the plasticity 
index and the linear shrinkage of the material. The linear shrinkage is considered a more 
reliable indicator than the plasticity index for materials with very low plasticity. Shrinkage 
due to drying is significant in clays, but less so in silts and sands. If the drying process is 
prolonged after the plastic limit has been reached, the soil will continue to decrease in volume, 
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which is also relevant to the converse condition of expansion due to wetting. Linear shrinkage 
is found by determining the change in length of semi-cylindrical bar sample of soil when it 
dries out, starting from near the liquid limit. The linear shrinkage value is a way of 
quantifying the amount of shrinkage likely to be experienced by clayey material.  
3.4.6.2 Test procedures 
 
According to BSI 1377:part 2:1990, the determination of the total linear shrinkage from linear 
measurements on a bar of soil of the fraction of a soil sample passing a 425 µm test sieve, 
originally having the moisture content of the liquid limit. For highly plastic material even 3 
days of air drying may be deemed necessary. The sample should not be placed too early in the 
oven. Therefore, due to the long time required for air drying, linear shrinkage is a time 
consuming test. However, it is important to take the time required in order to produce reliable 
results. Finally, the linear shrinkage of the soil is calculated as a percentage from the equation 
given below. If the original length is denoted by Lo and the dried length by Ld. the change 
length is equal to Lo – Ld. The linear shrinkage, LS is given by: LS = (1 - 
𝐿𝑑 
𝐿𝑜
)* 100  
Where Ld is the length of the oven- dry specimen in (mm) and Lo is the original length of the 
specimen in (mm). 
3.4.7 Sieve analysis 
 
3.4.7.1 General  
 
Grain size analysis is an attempt to determine the relative properties of different grain sizes 
which make up a soil mass. 
3.4.7.2 Test procedure  
 
To do this analysis, a wet preparation method is performed which is given in AASHTO T-146 
and weighed sample of dried aggregate is shaken over a nest of sieves having selected sizes of 
square openings. The soil sample is shaken with a mechanical sieve shaker, and the weight of 
material retained on each sieve is determined and expressed as a percentage of the original 
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sample. Detailed procedures for performing a grain size analysis of coarse and fine aggregates 
are given in AASHTO Method T-27 (AASHTO, 2004).  
3.4.8 Unconfined compressive strength test 
 
3.4.8.1 General  
 
The Unconfined Compressive Test is special case of the unconsolidated-undrained test  
(Das, 2010). No confining pressure is applied to the soil specimen throughout the test. 
The test can be performed by applying a load in a simple loading frame. The results from UC 
tests are used to estimate the short term bearing capacity of fine grained soils for foundations. 
The undrained shear strength is prerequisite for the determination of the bearing capacity of 
constructed facilities such as heavy duty highways. An unconfined compression test is utilized 
for calculating the undrained shear strength of clays which equals to one-half the unconfined 
compressive strength. The most vulnerable condition representing failure situations for the 
soil occurs immediately after construction. This special situation represents undrained 
conditions, while the undrained shear strength equals to the cohesion of the soil.  
𝒔𝒖 =  
𝒑𝒛
𝟐𝑨
=
𝟏
𝟐
 𝝈 𝟏, Where, su = undrained shear strength, Pz = axial (plunger) load, A = sample 
area, and σ1 = major principal stress. 
3.4.8.2 Test procedures  
 
 Unconfined compressive strength was determined in the laboratory according to ASTM 
D854-92. The unsaturated soil specimen is tested at its initial water content or matric suction. 
There is no consolidation no confining pressure is applied to the specimen (i.e. σ3 is equal to 
zero) under undrained conditions with respect to both the pore – air and pore – water phases. 
The test is performed in a simple loading frame by applying an axial load to the soil 
specimen. The test, attempt is made to measure the pore air and pore water pressures. 
Conventional triaxial equipment can be used. The porous disks are usually replaced by metal 
or plastic disks on the top and bottom of the specimen. The specimen is enclosed in rubber 
membrane during the test (Fredlund, 1993).  
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
31 
 
3.4.9 Specific gravity 
 
The specific gravity of solid matter in a soil particle may be defined as the ratio of the unit 
weight of solid matter to the unit weight of water. It is essential in relation to other tests 
especially for calculating porosity and voids. The specific gravity of a soil is used in 
calculating the phase relationships of soils water, and solids in a given volume of soil.  The 
specific gravity was determined in the laboratory according to ASTM D854-92. According to 
ASTM D854-92, specific gravity of soils is determined by means of a pycnometer. 
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Chapter 4 RESULT AND DISCUSSIONS 
 
This chapter presents the laboratory test results of lateritic soil, demolished materials and the 
change up on lateritic soil with the addition of demolished material as a stabilizer to use as sub 
base materials. Then, the tests results are used to draw conclusions on the performance of 
demolished material for the stabilization of lateritic soil and their ability to meet ERA 
specifications requirement. 
4.1 Mineralogical and Geochemical tests 
 
4.1.1 Geochemical tests on laterite soil  
 
The degree of laterization of the soil samples can be evaluated based on ratio of silica/ 
sesquioxides as discussed in section 2.2. The sesquioxides designated as 𝑅2𝑂3, is the 
combination of aluminum oxide (𝐴𝑙2𝑂3) and iron oxide (𝐹𝑒2𝑂3). The chemical formula 𝑆𝑖02 
designates the silica. Ratio less than 1.33 have been considered as true laterites, those between 
1.33 and 2.00 of lateritic soils and those greater than 2.00 of non-lateritic tropically weathered 
soils. The test result in table 4.1 shows that the elements 𝐴𝑙2𝑂3 and 𝐹𝑒2𝑂3 constitute more 
than 30% of mineralogical elements for all test pits. The geochemical test results are 
summarized in the table below. The test results in table 4.1 shows silica sesquioxide ratio is 
between 1.33 and 2 for all test pits. This indicates that the soils are laterites.  
Table 4.1 Oxide composition in percent 
Test pit  Depth  𝑆𝑖𝑜2 𝐴𝑙2𝑂3  𝐹𝑒2𝑂3 CaO MgO 𝑁𝑎2𝑂 𝐾2𝑂 MnO 𝑃2𝑂5 𝑇𝑖𝑜2 𝐻2𝑂 LOl  𝑆𝑖𝑜2
𝑅2𝑂3
 
Tp (1-4) 3m 48.18 17.74 10.6 <0.01 4.44 0.92 2.00 0.32 0.07 0.63 3.7 10.83 1.7 
Tp1 3m 47.0 18.5 10.7 0.10 4.4 0.9 2.1 0.61 0.09 0.66 4.8 10.10 1.60 
Tp2 1.5m 47.5 20.3 9.95 <0.07 4.21 0.98 1.94 0.41 0.06 0.4 3.7 9.9 1.57 
Tp3 3m 46.88 20.02 11.7 0.09 2.07 0.78 2.07 0.16 0.05 0.46 4.83 9.97 1.48 
Tp4 3m 49.5 20.6 10.04 0.06 3.13 1.02 1.64 0.2 0.07 0.4 4.1 9.23 1.62 
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4.1.2 Geochemical tests on demolished material 
 
Demolished material is a composite material, it is important to know chemical composition 
for the chemical stabilization between the two materials. The geochemical test result test 
result for demolished material is summarized in the figure below. 
Table 4.2 Chemical composition of demolished material 
Sample   𝑆𝑖𝑜2 𝐴𝑙2𝑂3  𝐹𝑒2𝑂3 CaO MgO 𝑁𝑎2𝑂 𝐾2𝑂 MnO 𝑃2𝑂5 𝑇𝑖𝑜2 𝐻2𝑂 LOl  
Demolished  
Material  
48.98 12.66 5.84 14.84 1.5 3.11 2.05 0.18 0.21 0.2 3.02 7.44 
 
4.2 Tests on demolished material 
 
The following laboratory tests were conducted on demolished materials. The results are 
summarized in table 4.3. 
Table 4.3 Test result of demolished material 
Type of test  Test result 
Atterburg limit test  Non plastic 
Optimum moisture content  16.50 % 
Maximum dry density  1.69 g/𝑐𝑚3 
CBR (%) at 95 % of MDD 60 % 
Swell (%) at 95 % of MDD 0.08 % 
 
The test result in table 4.3 shows that some of the engineering properties of demolished 
materials, they have higher CBR values with less swell and Atterburg limit results shows non 
plastic, this materials shall be used as a stabilizer for lateritic soil. 
4.3. Natural Moisture Content 
 
This test is one of the most significant engineering properties of soil, used in establishing a 
correlation between soil behavior and its index properties. The water content of a material is 
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used in expressing the phase relation of air, water, and solids in a given volume of material.  
The test results for natural moisture content are presented in table 4.4 below.  
Table 4.4 Natural moisture content test result 
Location 
test pit depth(m) 
NMC 
(%) 
Gefersa Burayu 
TP1 
1.5 32.34 
 
3 32.4 
Melka Gefersa TP2 1.5 25.2 
Leku keta 
TP3 
1.5 28.17 
 
3 33.86 
Burayu Guji 
TP4 
1.5 29 
 
3 29.1 
 
4.4. Moisture – Density relations by modified proctor test 
 
The values of maximum dry density and optimum moisture content for all test pits samples is 
summarized in table 4.5. 
Table 4.5 Compaction test result of natural Soil 
Test pit Depth 
 OMC 
(%) 
MDD 
(g/cm3) 
TP1 1.5m 27.6 1.55 
  3m 27.6 1.55 
TP2 1.5 m 24.7 1.59 
TP3 1.5m 25 1.52 
  3m 26.4 1.58 
TP4 1.5m 25.6 1.58 
  3m 25.8 1.59 
 
Table 4.5 shows optimum moisture content and maximum dry density results for natural soil. 
Soils have to be compacted to a dense state to improve their bearing capacity, reduce 
settlement, and swell potential and permeability. It is important to see the change of dry 
density with moisture content for different proportion of demolished materials. Lateritic Soil 
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mixed with ratios of 0, 10%, 15%, 20%, 30% and 35% of demolished materials and the 
changes in moisture- density relation evaluated for different proportion of demolished 
materials presented in table 4.6 below. 
Table 4.6 Compaction test result for different proportion of demolished materials 
Test pit 
Depth 
  (m) 
Demolished 
material (%) 
OMC (%) MDD  ( g/cm3) 
TP1 1.5m 0 27.6 1.55 
    10 25.5 1.56 
    15 23.4 1.57 
    20 22.8 1.59 
    30 20.8 1.6 
    35 19.2 1.62 
TP1 3m 0 27.6 1.55 
    10 25 1.56 
    15 23.3 1.57 
    20 22.7 1.6 
    30 20.5 1.62 
    35 19 1.63 
TP2 2m 0 24.7 1.59 
    
10 21.3 1.6 
15 20.9 1.62 
20 20.3 1.64 
30 19.5 1.66 
    35 19.3 1.67 
TP3 1.5m 0 25 1.52 
    
10 24.5 1.53 
15 23.9 1.54 
20 23.3 1.57 
30 22.9 1.61 
    35 19.7 1.63 
TP3 3m 0 26.4 1.58 
    
10 24.8 1.6 
15 23 1.61 
20 22 1.63 
30 21 1.64 
    35 20.4 1.67 
TP4 3m 0 25.8 1.59 
    10 21.1 1.61 
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15 20.2 1.63 
20 19 1.64 
30 18.6 1.65 
    35 17.8 1.66 
 
 
Figure 4-1 Moisture-density relation verses demolished materials (%) for TP1 
 
Figure 4.1 shows that as the percentage of demolished material increases, MDD of the mixes 
increases and OMC values decreased. As indicated in the figure below figure 4.2 and figure 
4.3 as percentage of demolished material increases, MDD increases and OMC decreases, from 
this it can be said that further increase in stabilizer percentage increase the MDD and decrease 
OMC. The geotechnical properties of soil, such as swell potential, strength, CBR, and 
permeability etc. are dependent on the moisture and density at which the soil is compacted. 
Generally, a high level of compaction of soil enhances the geotechnical parameters of the soil, 
so that achieving the desired degree of relative compaction necessary to meet specified or 
desired properties of soil is very important (Nicholson et al., 1994). Due to the high level of 
compaction the bearing capacity as verified by CBR test result increased and their swell 
potential decreases satisfying the specification requirement according to ERA, so 30% 
proportion of demolished material is good from compaction point of view and as the 
percentage of demolished material increased the compaction characteristics further increases.    
1.3
1.35
1.4
1.45
1.5
1.55
1.6
1.65
5 10 15 20 25 30 35
D
ry
 d
en
si
ty
 (
g
/c
m
3
)
Moisture content (%) 
0% of demolished
material
10% of demolished
material
15% of demolisehd
material
20% of demolished
material
30% of demolisehd
materilal
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
37 
 
 
Figure 4-2 Moisture-density relation verses demolished materials (%) for TP2 
        
Figure 4-3 Moisture-density relation verses demolished materials (%) for TP3 
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Figure 4-4 Moisture-density relation verses demolished materials (%) for TP4 
            
Figure 4-5 MDD verses demolished materials (%) 
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Figure 4-6 OMC verses demolished materials (%) 
As indicate in the above figures, figure 4.5 and figure 4.6, shows that as the percentage of 
stabilizer increases the MDD increases and OMC values decreases. The decrease in OMC as 
the percentage of the stabilizer increases shows that, demolished materials absorbs less water 
than the soil, therefore less water was needed to lubricate the demolished materials -soil blend. 
The spatial variation of the charts shows that the characteristics of all test pits have different 
properties, so their relation will not be linear.   
4.5. California Bearing Ratio (CBR) test 
 
The Californian Bearing Ratio and the swell shall be determined at a density of 95% of 
maximum dry density. The values of CBR for all test pits samples is summarized in table 4.7. 
Table 4.7 CBR and swell values at 95 % of MDD 
Test 
pit 
Depth MDD(g/cc) 
CBR 
(%) 
Swell 
(%) 
TP1 1.5m 1.55 3.3 1.16 
  3m 1.55 3.5 1.16 
TP2 1.5 m 1.59 7 1.03 
TP3 1.5m 1.52 10 0.94 
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  3m 1.58 11.2 0.95 
TP4 3m 1.59 4.8 0.97 
 
The test result on table 4.7 shows that the values of CBR less than 12% for all test pit and the 
bearing capacity is low as verified by CBR values. However, according to ERA specification 
the minimum soaked California Bearing Ratio (CBR) shall be 30% for the sub-base materials. 
Therefore it is important to see the change of CBR and swell for different proportion of 
demolished material.  
Lateritic soil mixed with ratios of 10%, 20%, 30% and 35% of demolished materials and the 
changes in CBR and swell at 95 % of MDD for different proportion of demolished materials 
summarized in table 4.8. 
Table 4.8 Values of CBR and Swell for different proportion of demolished material 
Test  pit 
Depth 
(m) 
Demolished  
Material (%) 
CBR (%) Swell (%) 
TP1 1.5m 0 3.3 1.16 
    10 6 0.95 
    20 10 0.53 
    30 32 0.15 
    35 46 0.08 
TP1 3m 0 3.5 1.16 
    10 6 0.93 
    20 11 0.46 
    30 34 0.13 
    35 49 0.1 
TP2 1.5m 0 7 1.03 
    
10 11 0.98 
20 19 0.32 
30 42 0.08 
    35 54 0.07 
TP3 1.5m 0 10 0.94 
    
10 13 0.88 
20 16 0.42 
30 42 0.11 
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    35 46.5 0.09 
TP3 3m 0 11.2 0.95 
    
10 15 0.9 
20 18 0.34 
30 42 0.09 
    35 53.3 0.05 
TP4 3m 0 4.8 0.98 
    
10 6 0.96 
20 10.2 0.46 
30 31 0.12 
    35 43 0.1 
 
       
Figure 4-7 CBR verses demolished materials (%) 
The bearing capacity of the soil markedly improved due to treatment by demolished materials, 
as verified by the increase in CBR. For instance, the CBR of soaked natural soil increased by 
9.3%, 14.3%, 20.9%, 13.4% from the initial CBR for tp1, tp2, tp3, and tp4 respectively. The 
increase in CBR value in addition of demolished material can be explained as a result of better 
compaction and packing of the mix. A better compaction improves intermolecular attractions 
which in turn enhance the strength of the sub-base material.  
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The results on table 4.8 and Figure 4.7 shows that tp2 and tp3 have higher CBR values but, 
the results of CBR for tp1 and tp4 is 32% and 31% respectively. Therefore, 30 % is the 
minimum proportion of demolished materials which satisfies the ERA manual requirement. 
Figure 4.8 also shows that the percentage of swell values decreases as percentage of 
demolished materials increases. As the percentage of the stabilizer increases, the CBR value 
increases and the swell decreases, from this it can be said that further increase in stabilizer 
percentage increase the CBR and decrease the swell. 
         
Figure 4-8 Swell verses demolished material (%) 
 
4.6. Atterberg limits 
 
Atterburg limit test result for natural soil is summarized in the table below. 
Table 4.9 Atterburg limit result of the natural soil 
Test pit Depth LL PL 
PI=LL-
PL 
TP1 1.5m 59 33.4 25.6 
 
3m 59 33.6 25.4 
TP2 2m 53 30 23 
0.95
0.9
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TP3 1.5m 69 44 25 
 
3m 55 35 20 
TP4 1.5m 58 33 26 
 
3m 58 33 26 
 
The test result on table 4.9 shows that the values plasticity index is greater than 25% for all 
test pit. But, according to ERA specification, sub-base materials shall have a maximum 
plasticity index of 12%. It is important to evaluate the changes of liquid limits, plastic limits 
and plasticity index with the addition of demolished materials. Table 4.10 shows Atterburg 
limit results of 0, 10%, 15%, 20% and 30 % proportion of demolished material by weight with 
laterite soil. 
Table 4.10 Atterburg limit result for different proportion of demolished materials 
 
Test 
pit 
Depth  Demolished  
LL PL PI=LL-PL 
 (m) Material (%)  
TP1 1.5m 0 59 33.4 25.6 
    10 50 28 22 
    15 44 27 17 
    20 45 30 16 
    30 39 27 12 
TP1 3m 0 59 33.6 25.4 
    10 54 32 22 
    15 44 27 17 
    20 46 31 15 
    30 40 28 12 
TP2 2m 0 53 30 23 
    
10 50 30 20 
15 44 28 16 
20 44 31 13 
30 39 29 10 
TP3 1.5m 0 69 44 25 
    
10 52 30 22 
15 44 28 16 
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20 44 30 14 
30 36 25 11 
TP3 3m 0 55 35 20 
    
10 50 31 19 
15 46 31 15 
20 47 35 12 
30 40 31 9 
TP4 3m 0 59 33 26 
    10 52 29 23 
    15 38 22 17 
    20 44 29 15 
    30 41 29 12 
 
Table 4.10 shows that the plasticity characteristics reduced as the percentage of the 
demolished materials increases, this is because of demolished material is non-plastic and 
increasing the percentage decreases the plasticity of the blend. The decrease in plasticity index 
reduces the swell potential of the blended material. 
From the above table the plasticity index value for tp3 is 12% at 20% of demolished material, 
satisfies ERA specification, this is due to tp3 has gravel characteristics. The test result shows 
that the plasticity index value for 30% of demolished materials are 12%, 10%, 9% and12% at 
three meter depth for tp1, tp2, tp3 and tp4 respectively , which satisfies the maximum 
requirement of ERA specification for a sub base materials.  
4.7. Particle size distribution and gradation 
 
According to the ERA grading limit, the material shall have a smooth continuous grading 
within the limits for grading A, B or C and the sub-base material shall comply with one of the 
grading given below in Table 4.11. 
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Table 4.11 The specification of grain size analysis of ERA grading chart (ERA, 2013) 
 
Mass percent passing 
SIEVE SIZE (mm ) A B C D 
63 100 
   
50 90-100 100 100 
 
37.5 
  
80-100 
 
25 51-80 55-85 
 
100 
20 
  
60-100 
 
9.5 
 
40-70 
 
51-85 
5 
  
30-100 
 
4.75 35-70 30-60 
 
35-65 
2  20-51  25-51 
1.18 
  
17-75 
 
0.425 
 
10-30 
 
15-30 
0.3 
  
9-50 
 
0.075 5-15 5-15 5-25 5-15 
 
Among the grading limits, grade B has almost a complete specification of percent mass 
passing for each sieve size. Taking these advantages this thesis work is made based on grading 
B specification. The Specification of grain size analysis of grade B data is plotted on an 
aggregate grading chart, exemplified by figure 4.9. 
 
 
 
 
 
 
 
 
 
 
Figure 4-9 ERA Specification grade limits for grade B (ERA, 2013) 
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Figure 4-10 Gradation chart for only natural soil for TP3 (1.5m), TP3 (3m) and TP4 
The grading chart of natural soil in Figure 4.10 shows the deficiency in coarser particle. 
Therefore, it is out of the specification. Blending of a trial proportion of demolished materials 
shall improve the gradation and the optimum proportioning is found to fulfill the ERA 
specification. Different trail proportioning of demolished materials presented hereunder. 
Figure 4.11 to figure 4.13 show gradation charts for lateritic soil blended with different 
proportion of demolished materials. 
 
Figure 4-11 Gradation curve for 10% demolished materials for TP3 (1.5m), TP3 (3m) and TP4 
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Figure 4-12 Gradation curve for 20% demolished materials for TP3 (1.5m), TP3 (3m) and TP4 
 
Figure 4-13 Gradation curve for 35% demolished materials for TP3 (1.5m), TP3 (3m) and TP4 
 
The grading chart from Figure 5.11–Figure 5.13 shows that Blending of a trail proportion of 
demolished materials. Among the trial proportioning of demolished materials 30% is good 
proportioning from gradation point of view. 
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Figure 4-14 Gradation curve for different proportion of demolished materials for TP2 
 
Figure 4.14 shows lateritic soil blended with different proportion of demolished material, as 
the percentage of the stabilizer increases the percentage passing goes to the specification limit 
specified by ERA (upper limit and lower limit specification) and as indicated in figure 4.9. 30 
% demolished material percentage passing is between upper limit and lower limit 
specification of ERA gradation limits and it is good from gradation point of view.  
4.8. Specific gravity 
 
The values of specific gravity for selected natural soil samples is summarized in table 4.12 
Table 4.12 Specific gravity test result 
Test pit Depth (m) Specific gravity (Gs) 
TP1 1.5m 2.68 
  3m 2.68 
TP2 1.5m 2.67 
TP3 1.5m 2.68 
  3m 2.66 
TP4 1.5m 2.67 
  3m 2.67 
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The specific gravity of a soil is one of the most important engineering properties used in the 
phase relationship of air, water, and solids in a given volume of the soil. It is essential in 
relation to other tests especially for calculating porosity and voids. Lateritic soils have been 
found to have very high specific gravities values between 2.6 to 3.4 (Lyon, 1971). The test 
result in the above table shows the specific gravity result is above 2.6.   
4.9 Linear shrinkage 
 
Linear shrinkage test result for natural soil is summarized in the table below. 
Table 4.13 Linear shrinkage value test results of natural soil 
Station 
(Source) 
Depth(m) 
Initial Length 
LO,cm 
Oven dried 
Length LD,cm 
Linear Shrinkage,%, 
Ls =100(1-LD/Lo) 
TP-1 1.5 14.00 11.75 16.07 
 
3 14.00 11.80 15.71 
TP-2 1.5 14.00 12.00 14.29 
TP-3 1.5 14.00 11.90 15.00 
 
3 14.00 12.40 11.43 
TP-4 1.5 14.00 12.10 13.57 
 
3 14.00 12.10 13.57 
 
The test result on table 4.13 shows that the values linear shrinkage is greater than 13% for all 
test pit. But, according to ERA specification, sub-base materials shall have a maximum linear 
shrinkage value of 3%.Therefore, lateritic soil mixed with ratios of 0, 10%, 15%, 20%, 30% 
and 35% of demolished materials and the changes in linear shrinkage is summarized in table 
the below. 
Table 4.14 Linear shrinkage result for different proportion of demolished materials 
Test pit Depth 
Demolished 
Material (%) 
Linear shrinkage  
TP1 1.5m 0 16.07 
  
10 15.71 
  
15 12.14 
  
20 7.86 
  
25 6.45 
  
30 4.29 
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35 2.57 
TP1 3m 0 15.71 
  
10 15 
  
15 11.43 
  
20 7.14 
  
25 5.75 
  
30 4.14 
  
35 2.5 
TP2 1.5 m 0 14.29 
  
10 13.57 
15 10.71 
20 7.86 
25 4.64 
  
30 2.64 
  
35 1.79 
TP3 1.5m 0 15 
  
10 14.29 
15 11.43 
20 8.57 
25 5.57 
  
30 3.57 
  
35 2.29 
TP3 3m 0 11.43 
  
10 10.71 
15 7.86 
20 5 
25 4.29 
  
30 2.29 
  
35 1.43 
TP4 3m 0 13.57 
  
10 13.21 
15 10 
20 6.43 
25 5.86 
30 4.29 
  
 
35 2.64 
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Figure 4-15 Linear shrinkage verses demolished materials (%) 
Figure 4.15 shows that the percentage of linear shrinkage decreases as percentage of 
demolished material increases because of decrease in plasticity.  Figure 4.15 shows that at 
30% demolished material, tp2 and tp3 have linear shrinkage values less than 3%, and at 35 % 
demolished material tp1 and tp4 have linear shrinkage values less than 3%. Therefore, 35% of 
demolished material satisfy the ERA requirement for sub base material. 
4.10 Unconfined compressive strength test 
 
The results of unconfined compressive strength test for natural soil samples is summarized in 
table 4.15    
Table 4.15 Unconfined compressive strength test results of natural soil 
Test pit Depth UCS (Kpa) 
Tp1 1.5m 152.5 
  3m 151.6 
TP2 1.5 m 70 
TP3 1.5m 140.5 
  3m 145.4 
TP4 3m 197.5 
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Unconfined compression test results for different proportion of demolished materials are 
summarized in table 4.16. 
Table 4.16 Test Results of the UCS for different proportion of demolished materials 
Test 
pit 
Depth 
Demolished  
UCS in Kpa 
Material  % 
TP1 1.5m 0 152.5 
    10 178.05 
    20 204.92 
    30 160.67 
TP1 3m 0 151.6 
    10 177.4 
    20 202.12 
    30 158.48 
TP2 2m 0 139.97 
    
10 152.29 
20 162.37 
30 144.4 
TP3 1.5m 0 140.5 
    
10 157.8 
20 172.1 
30 152.63 
TP3 3m 0 145.4 
    
10 160.73 
20 178.34 
30 158.61 
TP4 3m 0 197.5 
    
10 218.2 
20 236.09 
30 207.51 
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Figure 4-16 Variation of UCS verses demolished materials (%) 
An unconfined compression test is utilized for calculating the undrained shear strength or 
cohesion of clays. Figure 4.16 shows that as the percentage of demolished material increases 
the UCS value increases up to 20% demolished material further increase in demolished 
material percentage decreases the UCS of the blend, this is because of demolished material is 
coarser and non-plastic the cohesion of the blend reduced, which equals to one-half of the 
unconfined compressive strength. 
4.11 General discussion on the chemical reaction between laterite soil with demolished 
material  
 
Clay soil responds to demolished material treatment due to the effect of pozzolanic reaction 
between lime present in demolished material and the soil (Sabat & Nanda, 2011). 
 The addition of lime and cement to a soil causes an immediate increase in the pH of the 
molding water due to the partial dissociation of the calcium hydroxide. The calcium ions in 
turn combine with the reactive silica or alumina or both, present at soil surfaces, to  form 
insoluble calcium silicates or aluminates or both which harden on curing to stabilize the soil. 
This process continues for some months. This then is responsible for the increase in strength 
with time of lime-stabilized soils (Ola, 1977). 
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The decrease in liquid limit and plasticity index is connected with the pozzolanic action of the 
stabilizer in aiding the flocculation and aggregation of fine particles of the soil. (Umar et al., 
2013). 
Portland cement is composed calcium silicates and calcium aluminates that, when combined 
with water hydrate to form the cementing compounds of calcium silicate hydrate (CSH) and 
calcium aluminate hydrate (CAH) as well as excess calcium hydroxide. Pozzolanic reaction 
between calcium hydroxide released during hydration and silica and alumina of soil occurs in 
fine grained clay soils and is an important aspect of stabilization of these soils and is an 
important aspect of stabilization of these soils. Cement soil reactions are similar to that of 
pozzolanic reactions of lime with soil. (D.N. Little, E.H.Males, B. stewart, 2000). As noted by 
Sabat and Nanda (2012), the increase in UCS of the soil is because of the pozzolanic reaction 
of lime present in demolished material with the Amorphous Silica and Alumina present in the 
soil. 
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Chapter 5 CONCLUSION AND RECOMMENDATION 
5.1 CONCLUSION 
 
 The soil is classified as A-7-5 according to AASHTO classification. From the geochemical 
test result of geological survey of Ethiopia the materials could possibly termed as lateritic 
soil, since the silica - sesquioxide ratio is between 1.33 and 2 for all test pits.  
 In this thesis an attempt has been made to evaluate the suitability of lateritic soil stabilized 
with demolished materials as a road sub base materials and to improve engineering 
properties. To this end lateritic soil was stabilized with demolished materials with 0, 10 %, 
15 %, 20%, 25 % and 30 % with lateritic soil by mass. 
 From moisture content with percentage of demolished materials relation, OMC decrease as 
percentage of demolished materials increased, this is due to demolished materials absorbs 
less water than the soil, so less water needed to lubricate demolished materials with lateritic 
soil.  
 From CBR with percentage of demolished material curve, CBR value increases as the 
percentage of demolished material increased. The bearing capacity of the soil markedly 
improved due to treatment by demolished materials as verified by increase in CBR value, 
improvement in CBR is attributed to better compaction and packing of the mix particles with 
the addition of demolished materials.  
 From dry density with percentage of demolished materials relation, maximum dry density 
increase as the percentage of demolished materials increases.  
 The treated soil sample at 30% demolished content shows that the values of plasticity index 
less than 12 for all test pits. 
 Linear shrinkage result shows blending the soil with 30 of demolished materials less than 3 
% for all test pit. 
 All the test result shows that further increase in stabilizer percentage increase the CBR and 
MDD values and decreases the OMC, linear shrinkage and plasticity characteristics. 
 From the above results, one can conclude that Blending of lateritic soil with optimum 
demolished materials improves its properties as a road sub base materials as per ERA 
specification requirement and the optimum blending proportion is found to be 30%  
demolished material by mass of the total mix. 
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 Using demolished materials, which is waste materials associated with the construction of 
buildings and structures, for roads it is not only economical but also contributes to 
management of environmental waste.  
5.2 RECOMMENDATION 
 
From the results of the study, it is observed that the application of demolished materials 
improves the strength characteristics and index properties of lateritic soil for road sub base 
materials as per the Ethiopia road authority specification requirement. Thus, the following 
recommendations are in order for better use of lateritic soil in road construction. 
 To prepare guide line for the stabilization of lateritic soil with demolished materials to use as 
road construction materials it is better to take samples from different parts of Ethiopia. 
 The use of lateritic soil is under estimated, large scale investigation on the engineering 
properties of the use of lateritic must be carried out and preparing a guide line to use as a road 
construction materials. 
 Demolished material is effective stabilizer for the improvement plasticity index, bearing 
capacity and gradation as verified by the test results. Therefore, this stabilizer materials can be 
used for the stabilization of black cotton soil to use as back fill material. 
 
  
  
                       
 
 
 
 
 
 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
57 
 
References 
 
AASHTO. (2006). Standard specifications for Transportation materials and Methods of 
Sampling and Testing. (26th ed., Vols. Four‐volume set). Washington, D. C. 
Alexander L. and Cady J. (1962). Genesis and Hardening of Laterite in Soils. Technical 
Bulletin no. 1282. Conservation Service, United States Department of Agriculture, 
Washington, D. C. 
 
Amadi A, Akande W., Okunlola I., Jimoh M. and Francis Deborah G. (2015) Assessment of 
the Geotechnical Properties of Lateritic Soils in Minna, North Central Nigeria. 
 
Amare G/medhin, (2008). Compaction properties of lateritic soils, An M.Sc. thesis presented 
to School of Graduate Studies, Addis Ababa University. Addis Ababa. 
 
Amu O., Bamisaye O., & Komolafe, I. A. (2011). The Suitability and Lime Stabilization 
Requirement of Some Lateritic Soil Samples as Pavement. Int. J. Pure Appl. Sci. Technol., 
2(1), 29‐46. 
 
Arora, K.R., 2000. Soil Mechanics and Foundation Engineering Delhi, India. 
 
ASTM. (2004). Special Procedures for Testing Soil & Rock for Engineering Purposes. ASTM 
International. 
 
A. Y. Abdulfatah, S. G. Kiru, and T. A. Adedokun, (2013). Compaction Characteristics of 
Lateritic Soil- Stabilized Municipal Solid Waste Bottom Sediment, International Journal of 
Environmental Science and Development, Vol. 4, No. 3, Nigeria. 
 
B.M.Das Principle of Geotechnical Engineering, 7th edition, Chris Carson, USA. 
 
Assefa .B (2016). Investigating the strength characteristics of lateritic soil blended with 
marble dust An M.Sc. thesis presented to School of Graduate Studies, Addis Ababa 
University. Addis Ababa. 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
58 
 
Bereda, G. (2016). Assessment on the Utilization of Recycled Hollow Block as Mastic 
\Asphalt Material, An M.Sc. thesis presented to School of Graduate Studies, Addis Ababa 
University. Addis Ababa. 
 
Blight, G.E., (1997). Mechanics of Residual soils. A.A Balkema, the Netherlands. 
 
Bowles, J.E., (1978). Engineering properties of Soil and their Measurement. McGraw Hill 
Book Company, U.S. America. 
 
British standards, (2001). Methods of Test for Soils for civil engineering purposes. 
 
BUCHANAN, F. (1807). A journey from Madras through the countries of Mysore, Canara 
and Malabar. East India Company, London. 
 
CIRIA, (1995) Special Publication 47 for transport research laboratory (trl) Laterite in road 
pavements, Westminster, London. 
 
Das, B. M. (2010). Principles of Geotechnical Engineering (7th ed.). CENGAGE Learning. 
. 
Dibisa, J. (2008). Detail Investigation on Index Properties of Lateritic Soils: The Case of 
Nedjo‐Mendi‐Assosa. A M.Sc. thesis presented to School of Graduate Studies, Addis Ababa 
University, and Addis Ababa. 
 
Dr. Francis A., Reginald Adjetey, Prof. Fred, Nene Boso D., Dr. L.P. Chegbele (2019). 
Chemical Stabilization of Laterite Soils for Road construction, International Journal of 
Scientific & Engineering Research, Legon. 
 
D.N. Little, E.H.Males, B. Stewart and J.R.Prunsinski, (2000) cementitious stabilization, 
transportation research board, PP.1-7. 
 
ERA. (2001). Pavement Design Manual: Flexible pavements (Vol. I). Addis Ababa, Ethiopia 
road Authority. 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
59 
 
ERA. (2013). Pavement Design Manual: Flexible pavements (Vol. I). Addis Ababa, Ethiopia 
Roads Authority. 
 
F.Netterberg, (2004) Review of Specifications for the use of Laterite in Road Pavements, 
Council for Scientific & Industrial Research, South Africa. 
 
Fredlund, D. G., & Rahardjo, H. (1993). Soil Mechanics for Unsaturated Soils. New work, 
John Wiley & Sons. 
 
FUPI (2006), report on the integrated development plan (IDP) of Burayu town, Addis Ababa. 
 
Imtiaz Ahmed (1991). Use of waste materials in highway construction, Department of civil 
Engineering, Purdue University, India. 
 
Kedir, A. (2011). Investigation on improving the geotechnical properties of lateritic soil by 
blending with chemical stabilizer, An M.Sc. thesis presented to School of Graduate Studies, 
Addis Ababa University. Addis Ababa. 
 
Krishna R.(2002)  Engineering Properties of Soils Based on Laboratory Testing, UIC. 
Lyon Association Inc. (1971). “Lateritic and Laterite Soil and Other Problematic Soils of 
Africa” Kumasi, Ghana. 
 
Maigien R, (1966). Review of Research on Laterites, Natural Resources Research IV, United 
Nations Educational Scientific and Cultural Organization, Paris. 
 
Makusa, G. P. (2012). Soil stabilization methods and materials in engineering practice. State 
of the art review. Lulea University of Technology, Sweden. 
 
Md. Safiuddin, Mohd Zamin, M.A.Salam , M.Islam and R. Hashim, (2010). Utilization of 
solid wastes in construction materials, University of Waterloo, Canada. 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
60 
 
Molenaar, A. (2005). Road Materials, Part I: Cohesive and Non‐Cohesive Soils and Unbound 
Granular Materials for Bases and Sub bases in Roads. Lecture notes. University of 
Stellenbosch and University of Delft. 
 
Morin, W., & Todor, P. (1976). Laterites and lateritic soils and other problem soils of Africa,  
AID/csd‐3682. Road research institute brazilian national highway department, Brazil. 
 
Nibret Chane, (2011). Geotechnical Characterization of Sub grade Materials for Pavement 
Construction, An M.Sc. thesis presented to School of Graduate Studies, Addis Ababa 
University. Addis Ababa. 
 
Ola, S. A. (1977). The potentials of lime stabilization of lateritic soils. Engineering Geeology, 
11(4), 305‐317. 
 
OUPI (2006). Final Report: Executive Summary, Oromia Urban Planning Institute. Addis 
Ababa. 
 
Robert M. Brooks & Mehmet Cetin, (2012). Application of construction demolition waste for 
improving performance of sub grade and sub base layers, Department of Civil and 
Environmental Engineering, Temple University, Philadelphia PA, 19122, USA. 
 
Sabat, A. K., & Nanda, R. P. (2011). Effect of marble dust on strength and durability of Rice 
husk ash stabilized expansive soil. International Journal of Civil & Structural Engineering, 
1(4), 939‐948.S. 
 
Saravanan, C.Venkatasubramanian, D. Muthu and K. Ramakrishnan, (2016). Construction of 
rural roads using Construction and demolished waste materials. 
 
Sherwood, P. T. (1993). Soil stabilization with cement and lime, state of the art review, 
London. 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
61 
 
Sivapullaiah, P. (2006). Pozzolanic stabilization of expansive soils. In A. A. Al‐Rawas, & M. 
F.Goosen (Eds.), Expansive Soils: Recent advances in characterization & treatment (pp. 419‐
434).London: Taylor & Francis. 
Solid waste management manual (2012). Solid Waste Management Planning with respect to 
urban plans, sanitary landfill sites. 
Teferra, A., & Leikun, M. (1999). Soil Mechanics. Faculty of Technology, AAU. Addis 
Ababa. 
Terzaghi, K., Peck, R. B., & Mesri, G. (1996). Soil mechanics in Engineering Practice (3rd 
ed.). New York: John Wiley & Sons. 
Tibebu, H. (2008). Study of Index Properties and Shear Strength Parameters of Laterite soils 
in Southern Part of Ethiopia: the case of Wolayita–Sodo. A M.Sc. thesis presented to School 
of Graduate Studies, Addis Ababa University. Addis Ababa. 
 
Townsend,F.C (1985). Geotechinal chracteristics of residual soils, journal of geotechnical 
engineering 111 (1). 
 
TRL. (1993). Overseas Road Note 31: A guide to the structural design of bitumen surfaced 
roads in tropical and sub‐tropical countries (4th ed.). Crowthorne, UK. 
 
Vipul Kerni, Vinod Kumar Sonthwal, Umar Jan (2015). Review on Stabilization of Clayey 
Soil Using Fines Obtained From Demolished Concrete Structures, International Journal of 
Innovative Research in Science, Engineering and Technology (An ISO 3297: 2007 Certified 
Organization), India. 
 
Winterkorn, H. F., & Pamukcu, S. (1990). Soil Stabilization and Grouting (2nd ed.). (H.Y. 
Fang, Ed.) New York: Van Nostrand Reinhold. 
 
Zelalem, A. (2005). Basic Engineering Properties of Lateritic Soils found in Nejo–Mendi 
Road Construction Area, Welega. A thesis presented to School of Graduate Studies, Addis 
Ababa University. Addis Ababa. 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
62 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
63 
 
Appendix-A Descriptive test result of soil before blending 
 
A.1. Natural moisture content 
              NMC =
 𝑊𝑤
 𝑊𝑠
, Ww - weight of water (g), Ws – weight of soil (g)   
Table A -1-1 natural moisture content values of lateritic soil for TP1 (1.5m) and TP1 (3m)  
 
                             Tp1, 1.5m 
 
Wt. of wet soil + Can (gm) 304.1 
   Wt.of dry soil + Can (gm) 244.9 
    Wt. of  Water (gm) 59.2 
   Wt. of Can (gm) 61.88 
   Wt. of dry soil (gm) 183.02 
   Moisture Content (%) 32.35 
 
Table A -1-2 natural moisture content values of lateritic soil for TP2 (1.5m) 
 
 
 
 
Table A -1- 3 natural moisture content values of lateritic soil for TP3 (1.5m) and TP3 (3m) 
 
 
 
 
 
 
 
                   Tp1,3m                      
 
Wt. of wet soil + Can (gm) 304.51 
   Wt.of dry soil + Can (gm) 245.15 
    Wt. of  Water (gm) 59.36 
   Wt. of Can (gm) 62 
   Wt. of dry soil (gm) 183.15 
   Moisture Content (%) 32.41 
                           Tp2, 1.5m                                
Wt. of wet soil + Can (gm) 338.48 
   Wt.of dry soil + Can (gm) 282.63 
  Wt. of  Water (gm) 55.85 
    Wt. of Can (gm) 61.04 
Wt. of dry soil (gm) 221.59 
 Moisture Content (%) 25.20 
Tp3, 1.5m 
 Wt. of wet soil + Can (gm) 292.56 
Wt.of dry soil + Can (gm) 241.58 
Wt. of  Water (gm) 50.98 
Wt. of Can (gm) 60.62 
Wt. of dry soil (gm) 180.96 
Moisture Content (%) 28.17 
                                Tp3,3m 
 Wt. of wet soil + Can (gm) 293.16
Wt.of dry soil + Can (gm) 235.03 
Wt. of  Water (gm) 58.13 
Wt. Can (gm) 63.36 
Wt.  of dry soil (gm) 171.67 
Moisture Content (%) 33.86 
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Table A -1-4 natural moisture content values of lateritic soil for TP4 (1.5m) and TP4 (3m)  
                               Tp4, 1.5m 
 
Wt. of wet soil + Can (gm) 343.5 
   Wt.of dry soil + Can (gm) 280.4 
    Wt. of  Water (gm) 63.1 
   Wt. of Can (gm) 63.22 
   Wt. of dry soil (gm) 217.18 
   Moisture Content (%) 29.05 
    
A.2 Particle size distribution 
 
Table A -2-1 Sieve analysis values of lateritic soil for TP1 (1.5m) 
Weight of Total Sample Before Washing (gm)        = 390 
tp1 @1.5m 
sieve size(mm) wt retained % retanied cumm. % Passing 
50 0 0 100 
25 0 0 100 
9.5 0 0 100 
4.75 0 0 100 
2 81.51 20.9 79.1 
0.425 66 16.923 62.18 
0.075 39 10 52.18 
sub total 186.51 
  Pan 203.49 52.18 
 Total 390 100 
  
Table A -2-2 Sieve analysis values of lateritic soil for TP1 (3m) 
TP3     Weight of Total Sample Before 
Washing (gm)       = 309.74 
tp1@1.5m 
sieve size  
(mm) wt retained % retained cumm. % Passing 
50 0 0 100 
25 0 0 100 
9.5 0 0 100 
4.75 0 0 100 
2 57 18.40 81.59 
                              Tp4,3m 
 
   Wt. of wet soil + Can (gm) 343.95 
   Wt.of dry soil + Can (gm) 280.68 
    Wt. of  Water (gm) 63.27 
   Wt. of Can (gm) 63.35 
   Wt. of dry soil (gm) 217.33 
   Moisture Content (%) 29.11 
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0.425 78.2 25.24 56.35 
0.075 51.5 16.83 39.72 
sub total 186.7 
  pan  123.04 39.72   
Total 309.74 100   
  
Table A -2-3 Sieve analysis values of lateritic soil only for TP2 (1.5m) 
TP2      Weight of Total Sample Before Washing 
(gm)       = 698.97 
tp2@1.5 m 
sieve size  (mm ) 
wt. 
retained % retained 
Cumm. % 
Passing 
50 0 0 100 
25 61.1 8.74 91.25 
9.5 27.6 3.94 87.30 
4.75 37 5.29 82.39 
2 35 5.00 77.00 
0.425 83.4 11.93 65.07 
0.075 94.4 13.50 51.57 
sub total 338.5 
  Pan 360.47 51.57 
 Total 698.97 100 
  
Table A -2-4 Sieve analysis values of lateritic soil for TP3 (1.5) 
TP3     Weight of Total Sample Before 
Washing (gm)       = 309.74 
tp3@1.5m 
sieve size  
(mm) 
Wt. 
retained % retained 
Cumm. % 
Passing 
50 0 0 100 
25 0 0 100 
9.5 0 0 100 
4.75 0 0 100 
2 57 18.40 81.59 
0.425 78.2 25.24 56.35 
0.075 51.5 16.62 39.72 
sub total 186.7 
  Pan 123.04 39.72 
 Total 309.74 100 
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Table A -2-5 Sieve analysis values of lateritic soil for TP3 (3m) 
TP3(3m)      Weight of Total Sample Before 
Washing (gm)       = 747.44 
tp3@ 3m 
sieve size (mm) 
Wt. 
retained % retained 
Cumm. % 
Passing 
50 0 0 100 
25 73.5 9.83 90.16 
9.5 41.8 5.59 84.57 
4.75 52 6.95 77.62 
2 49.8 6.66 70.95 
0.425 101.3 13.55 57.40 
0.075 125.4 16.77 40.62 
sub total 443.8 
  Pan 303.64 40.62 
 Total 747.44 100 
  
Table A -2-6 Sieve analysis values of lateritic soil for TP4 (3m) 
Weight of total 
sample before 
wash  =     351.94 
tp4@3m 
sieve size (mm)    
Wt. 
retained  % retained  
 Cumm. % 
Passing  
50 0 0 100 
25 0 0 100 
9.5 0 0 100 
4.75 0 0 100 
2 79 22.45 77.55 
0.425 55 15.63 61.92 
0.075 51.3 14.57 47.35 
sub total 185.3     
pan  166.64 47.35   
Total 351.94 100   
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Table A -2-7 upper limit spec and lower limit spec (ERA) specification 
upper limit spec lower limit spec 
sieve size 
(mm)  
% 
passing 
sieve size 
(mm)  
% 
passing 
50 100 50 100 
25 85 25 55 
9.5 70 9.5 40 
4.75 60 4.75 30 
2 51 2 20 
0.425 30 0.425 10 
0.075 15 0.075 5 
 
A.3 Atterberg limits results of lateritic soil 
Table A.3.1 Atterburg limit result for test pit 1 (1.5 m) 
 
Liquid Limit Plastic Limit 
No. of  blows 34 26 17 
  Wt. of wet soil + Can (gm) 40.12 41.86 41.75 26.18 26.40 
Wt.of dry soil + Can (gm) 32.72 33.80 33.73 24.69 24.80 
Wt. of  Water (gm) 7.40 8.06 8.02 1.49 1.60 
Wt. of Can (gm) 19.98 20.08 20.27 20.04 20.21 
Wt. of dry soil (gm) 12.74 13.72 13.46 4.65 4.59 
Moisture Content (%) 58.08 58.75 59.58 32.04 34.86 
  
Average PL (%) = 33.45 
 
  Liquid limit (LL) = 59      plastic limit (PL) = 33.4       plasticity index = LL-PL= 59-33.4= 25.6 
Table A.3.2 Atterburg limit result for test pit 1 (3m) 
 
Liquid Limit Plastic Limit 
No. of  blows 34 26 17 
  
Wt. of wet soil + Can (gm) 40.12 41.86 41.75 26.24 26.50 
Wt.of dry soil + Can (gm) 32.72 33.80 33.73 24.72 24.90 
Wt. of  Water (gm) 7.40 8.06 8.02 1.52 1.60 
Wt. of Can (gm) 19.98 20.08 20.27 20.07 20.26 
Wt. of dry soil (gm) 12.74 13.72 13.46 4.65 4.64 
Moisture Content (%) 58.08 58.75 59.58 32.69 34.48 
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Average PL (%) = 33.59 
 
              Liquid limit (LL) = 59      plastic limit (PL) = 33.6       plasticity index = 25.4 
Table A.3.3 Atterburg limit result for test pit 2 (1.5 m) 
 
                  Liquid limit (LL) = 53     plastic limit (PL) = 30      plasticity index = 23 
Table A.3.4 Atterburg limit result for test pit 3 (1.5 m) 
  
      
 
Liquid Limit Plastic Limit 
No. of  blows 33 24 16 
  
Wt. of wet soil + Can (gm) 42.20 42.50 42.71 26.60 26.80 
Wt.of dry soil + Can (gm) 33.27 33.33 33.18 24.55 24.59 
Wt. of  Water (gm) 8.93 9.17 9.53 2.05 2.21 
Wt. of Can (gm) 20.16 20.10 19.72 19.84 19.72 
Wt. of dry soil (gm) 13.11 13.23 13.46 4.71 4.87 
Moisture Content (%) 68.12 69.31 70.80 43.52 45.38 
  
Average PL (%) = 44.45 
 
                Liquid limit (LL) = 69     plastic limit (PL) = 44      plasticity index = 25  
 
 
 
 
Liquid Limit Plastic Limit 
No. of  blows 33 27 18 
  
Wt. of wet soil + Can (gm) 43.65 42.73 42.03 27.00 27.15 
Wt.of dry soil + Can (gm) 36.03 35.07 34.38 25.45 25.66 
Wt. of  Water (gm) 7.62 7.66 7.65 1.55 1.49 
Wt. of Can (gm) 21.07 20.45 20.24 20.32 20.73 
Wt. of dry soil (gm) 14.96 14.62 14.14 5.13 4.93 
Moisture Content (%) 50.94 52.39 54.10 30.21 30.22 
  
Average PL (%) = 30.22 
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Table A.3.5 Atterburg limit result for test pit 3 (3 m) 
  
      
 
Liquid Limit Plastic Limit 
No. of  blows 34 26 18 
  
Wt. of wet soil + Can (gm) 45.06 45.67 46.04 27.90 27.50 
Wt.of dry soil + Can (gm) 36.30 36.54 36.69 25.90 25.90 
Wt. of  Water (gm) 8.76 9.13 9.35 2.00 1.60 
Wt. of Can (gm) 19.95 19.91 20.00 20.67 20.83 
Wt. of dry soil (gm) 16.35 16.63 16.69 5.23 5.07 
Moisture Content (%) 53.58 54.90 56.02 38.24 31.56 
  
Average PL (%) = 34.90 
 
               Liquid limit (LL) = 55    plastic limit (PL) = 35     plasticity index =20 
Table A.3.6 Atterburg limit result for test pit 4 (1.5 m) 
  Liquidlimit  Plastic limit  
No. of  blows 34 26 22 
  Wt. of wet soil + Can (gm) 42.85 42.02 45.87 26.50 27.40 
Wt.of dry soil + Can (gm) 34.57 33.91 36.25 25.04 25.64 
Wt. of  Water (gm) 8.28 8.11 9.62 1.46 1.76 
Wt. of Can (gm) 19.98 19.92 19.87 19.71 20.81 
Wt. of dry soil (gm) 14.59 13.99 16.38 5.33 4.83 
Moisture Content (%) 56.75 57.97 58.73 27.39 36.44 
  
Average PL (%) = 31.92 
 
             Liquid limit (LL) = 58    plastic limit (PL) = 32     plasticity index =26 
Table A.3.7 Atterburg limit result for test pit 4 (3 m) 
No. of  blows 34 26 22 
  
Wt. of wet soil + Can (gm) 42.85 42.02 45.87 26.50 27.50 
Wt.of dry soil + Can (gm) 34.57 33.91 36.25 25.04 25.64 
Wt. of  Water (gm) 8.28 8.11 9.62 1.46 1.86 
Wt. of Can (gm) 19.98 19.92 19.87 19.71 20.81 
Wt. of dry soil (gm) 14.59 13.99 16.38 5.33 4.83 
Moisture Content (%) 56.75 57.97 58.73 27.39 38.51 
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Average PL (%) = 32.95 
 
             Liquid limit (LL) = 58   plastic limit (PL) = 33    plasticity index =25 
A.4. moisture- density relation by modified proctor test 
Table A.4.1 modified proctor test result of TP1 (1.5m) 
Trial No 1 2 3 4 
Mold weight + sample (gm) 5879 6082 6257 6230 
Mold weight (gm) 4395 4395 4395 4395 
Sample weight (gm) 1484 1687 1862 1835 
Mold volume (Cm3) 944 944 944 944 
Bulk density(g/cm3) 1.57 1.79 1.97 1.94 
Wet weight +can 187.60 189.30 179.50 192.00 
Dry weight + can 163.70 158.50 144.67 151.14 
Weight of can 23.10 25.10 18.60 20.90 
Weight of moisture 23.90 30.80 34.83 40.86 
Weight of dry soil 140.60 133.40 126.07 130.24 
Moisture content (%) 17.00 23.09 27.63 31.37 
Dry density (g/cm3) 1.34 1.45 1.55 1.48 
 
                                          MDD (g/cc) = 1.55       OMC (%) = 27.6 
Table A.4.2 modified proctor test result of TP1 depth 3m 
Trial No 1 2 3 4 
Mold weight + sample (gm) 5892 6096 6268 6243 
Mold weight (gm) 4395 4395 4395 4395 
Sample weight (gm) 1497 1701 1873 1848 
Mold volume (Cm3) 944 944 944 944 
Bulk density(g/cm3) 1.59 1.80 1.98 1.96 
Wet weight +can 187.80 189.50 179.70 192.20 
Dry weight + can 163.88 158.64 144.83 151.30 
Weight of can 23.10 25.10 18.60 20.90 
Weight of moisture 23.92 30.86 34.87 40.90 
Weight of dry soil 140.78 133.54 126.23 130.40 
Moisture content (%) 16.99 23.11 27.62 31.37 
Dry density (g/cm3) 1.36 1.46 1.55 1.49 
                                                  MDD (g/cc) = 1.55       OMC (%) = 27.6 
Evaluating the suitability of laterite soil stabilized with demolished material as a road sub base 
     
71 
 
Table A.4.3 modified proctor test result of TP2 (1.5m) 
 
 
 
                                                 MDD (g/cc) = 1.59       OMC (%) = 24.65 
Table A.4.4 modified proctor test result of TP3 (1.5m) 
 Trial No 1 2 3 4 
Mold weight + sample (gm) 5800 5940 6187 6174 
Mold weight (gm) 4395 4395 4395 4395 
Sample weight (gm) 1405 1545 1792 1779 
Mold volume (Cm3) 944 944 944 944 
Bulk density(g/cm3) 1.49 1.64 1.90 1.88 
Wet weight +can 164.70 158.60 198.30 198.60 
Dry weight + can 145.07 135.79 163.56 158.51 
Weight of can 22.50 23.60 24.80 21.20 
Weight of moisture 19.63 22.81 34.74 40.09 
Weight of dry soil 122.57 112.19 138.76 137.31 
  Moisture content (%) 16.02 20.33 25.04 29.20 
Dry density (g/cm3) 1.28 1.36 1.52 1.46 
 
                                                MDD (g/cc) = 1.55       OMC (%) = 27.6 
 
 
 
Trial No 1 2 3 4 
Mold weight + sample (gm) 5906 6100 6268 6251 
Mold weight (gm) 4395 4395 4395 4395 
Sample weight (gm) 1511 1705 1873 1856 
Mold volume (Cm3) 944 944 944 944 
Bulk density(g/cm3) 1.60 1.81 1.98 1.97 
Wet weight +can 159.30 191.70 152.50 225.30 
Dry weight + can 143.41 164.72 126.65 176.84 
Weight of can 23.60 21.70 21.80 23.11 
Weight of moisture 15.89 26.98 25.85 48.46 
Weight of dry soil 119.81 143.02 104.85 153.73 
Moisture content (%) 13.26 18.86 24.65 31.52 
Dry density (g/cm3) 1.41 1.52 1.59 1.49 
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Table A.4.5 modified proctor test result of TP 3(3m) 
Trial No 1 2 3 4 
Mold weight + sample (gm) 6055 6161 6275 6295 
Mold weight (gm) 4395 4395 4395 4395 
Sample weight (gm) 1660 1766 1880 1900 
Mold volume (Cm3) 944 944 944 944 
Bulk density(g/cm3) 1.76 1.87 1.99 2.01 
Wet weight +can 181.40 200.00 209.40 224.10 
Dry weight + can 157.67 169.10 169.62 174.90 
Weight of can 21.70 23.10 18.70 22.80 
Weight of moisture 23.73 30.90 39.78 49.20 
Weight of dry soil 135.97 146.00 150.92 152.10 
Moisture content (%) 17.45 21.16 26.36 32.35 
Dry density (g/cm3) 1.50 1.54 1.58 1.52 
 
                                            MDD (g/cc) = 1.58       OMC (%) = 26.4      
Table A.4.6 modified proctor test result of TP4 (1.5m) 
Trial No 1 2 3 4 5 
Mold weight + sample (gm) 5819 5954 6159 6271 6157 
Mold weight (gm) 4395 4395 4395 4395 4396 
Sample weight (gm) 1424 1559 1764 1876 1761 
Mold volume (Cm3) 944 944 944 944 945 
Bulk density(g/cm3) 1.51 1.65 1.87 1.99 1.86 
Wet weight +can 139.26 163.43 188.11 145.85 186.40 
Dry weight + can 128.60 144.29 158.84 120.55 148.23 
Weight of can 17.78 18.68 21.89 21.77 17.88 
Weight of moisture 10.66 19.14 29.27 25.30 38.17 
Weight of dry soil 110.82 125.61 136.95 98.78 130.35 
Moisture content (%) 9.62 15.24 21.37 25.61 29.28 
Dry density (g/cm3) 1.38 1.43 1.54 1.58 1.44 
 
                                                       MDD (g/cc) = 1.58       OMC (%) = 25.6 
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Table A.4.7 modified proctor test result of TP4 (3m 
 
                             
 
 
 
 
 
 
 
 
                                                    MDD (g/cc) = 1.59       OMC (%) = 25.8   
A.5 Specific gravity 
 Table A.5.1 specific gravity result for TP1 (1.5m) and TP1 (3m) 
 
 
 
 
 
 
 
 
 
 
 
Trial No 1 2 3 4 5 
Mold weight + sample (gm) 5819 5960 6166 6278 6164 
Mold weight (gm) 4395 4395 4395 4395 4396 
Sample weight (gm) 1424 1565 1771 1883 1768 
Mold volume (Cm3) 944 944 944 944 945 
Bulk density(g/cm3) 1.51 1.66 1.88 1.99 1.87 
Wet weight +can 139.40 163.60 188.30 146.00 186.60 
Dry weight + can 128.60 144.29 158.84 120.55 148.23 
Weight of can 17.80 18.70 21.90 21.80 17.90 
Weight of moisture 10.80 19.31 29.46 25.45 38.37 
Weight of dry soil 110.80 125.59 136.94 98.75 130.33 
Moisture content (%) 9.75 15.38 21.51 25.77 29.44 
Dry density (g/cm3) 1.37 1.44 1.54 1.59 1.45 
Trial 1 2 
Mass of Pycnometer 37.6 37.7 
Mass of Pycnometer 
+ Soil 47.6 47.6 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.5 98.2 
Specific Gravity 2.7 2.7 
Average 2.68 
Trial 1 2 
Mass of Pycnometer 37.6 37.5 
Mass of Pycnometer 
+ Soil 47.7 47.3 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.5 98.2 
Specific Gravity 2.6 2.7 
Average 2.68 
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Table A.5.2 specific gravity result for TP2 (1.5m) 
Trial 1 2 
Mass of Pycnometer  37.6 37.6 
Mass of Pycnometer + Soil 47.5 47.6 
Mass of Pycnometer + Water 92.2 92.0 
Mass of Pycnometer + Soil + Water 98.4 98.2 
Specific Gravity 2.7 2.7 
Average 2.67 
 
Table A.5.3 specific gravity result for TP3 (1.5m) and TP3 (3m) 
 
 
 
 
 
 
 
 
Table A.5.4 specific gravity result for TP4 (1.5m) and TP4 (3m) 
 
 
 
 
 
 
 
 
Trial 1 2 
Mass of Pycnometer  37.6 37.7 
Mass of Pycnometer 
+ Soil 47.6 47.6 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.5 98.3 
Specific Gravity 2.7 2.7 
Average 2.68 
Trial 1 2 
Mass of Pycnometer  37.6 37.7 
Mass of Pycnometer 
+ Soil 47.6 47.6 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.4 98.2 
Specific Gravity 2.6 2.7 
Average 2.66 
Trial 1 2 
     Mass of 
Pycnometer  37.6 37.5 
           Mass of 
Pycnometer + Soil 47.6 47.5 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.5 98.3 
Specific Gravity 2.7 2.7 
Average 2.67 
Trial 1 2 
Mass of Pycnometer  37.6 37.5 
Mass of Pycnometer 
+ Soil 47.6 47.5 
Mass of Pycnometer 
+ Water 92.2 92.0 
Mass of Pycnometer 
+ Soil + Water 98.5 98.3 
Specific Gravity 2.7 2.7 
Average 2.67 
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A.6 California bearing ratio (CBR) test result 
TableA.6.1 Determination of Load, CBR & Swell at 95 % of MDD for TP1 @ 1.5m 
 
 
 
Table A.6.2 Determination of Load, CBR & Swell at 95 % of MDD for TP1 @ 3m 
test pit 1 @3m 
No of blows  load(KN) DD (g/cm3) CBR % swell % 
  2.54mm 5.08mm   2.54mm 5.08mm   
10 0.29 0.42 1.32 2.19 2.06 1.51 
30 0.39 0.48 1.45 2.93 2.42 1.22 
65 0.68 0.99 1.57 5.12 4.97 1.01 
CBR at 95 % of MDD 3.50% 
swell at 95 % of MDD 1.16% 
 
Table A.6.3 Determination of Load, CBR & Swell at 95 % of MDD for TP2 @ 1.5m 
test pit 2 @1.5m 
No of 
blows 
load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.44 0.61 1.38 3.29 3.03 1.18 
30 0.78 1.09 1.49 6.03 5.46 1.03 
65 1.50 2.03 1.62 11.34 10.19 1.02 
CBR at 95 % of MDD 7% 
swell at 95 % of MDD 1.03 
 
Table A.6.4 Determination of Load, CBR & Swell at 95 % of MDD for TP3 @ 1.5m 
test pit 3 @ 1.5m 
No of 
blows  
load(KN) DD (g/cm3) CBR % swell % 
  2.54mm 5.08mm   2.54mm 5.08mm   
10 0.51 0.73 1.3 3.84 3.64 1.11 
30 1.16 1.57 1.41 8.78 7.89 1.02 
65 2.01 2.57 1.55 15.18 12.87 0.68 
test pit 1 @1.5m 
No of blows load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.31 0.44 1.33 2.27 2.0 1.49 
30 0.42 0.54 1.44 3.02 2.50 1.19 
65 0.73 0.99 1.56 5.29 5.01 0.98 
CBR at 95 % of MDD 3.30% 
swell at 95 % of MDD 1.16% 
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                                                              CBR at 95 % of MDD 10% 
                                                               swell at 95 % of MDD 0.94 
 
Table A.6.5 Determination of Load, CBR & Swell at 95 % of MDD for TP3 @3m 
test pit 3 @3m 
No of blows load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.42 0.50 1.29 3.11 2.55 1.19 
30 1.33 1.89 1.44 10.06 9.46 0.99 
65 2.01 2.57 1.61 15.18 12.86 0.89 
CBR at 95 % of MDD 11.20% 
swell at 95 % of MDD 0.96% 
 
Table A.6.6 Determination of Load, CBR & Swell at 95 % of MDD for TP4 @3m 
test pit 4 @3m 
No of blows load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.39 0.61 1.31 2.93 2.55 1.30 
30 0.48 0.69 1.47 3.66 3.40 1.02 
65 0.94 1.21 1.61 7.13 6.07 0.89 
CBR at 95 % of MDD 4.80% 
swell at 95 % of MDD 0.97% 
 
 
Figure A-1 Dry Density verses. Percent CBR for natural soil 
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Figure A.2 dry density verses percent swell for natural soil 
 
 
Figure A.3 load penetration curve for tp1 (1.5m), tp2, and tp3 (1.5 m) for natural soil 
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A.7 unconfined compressive strength test result 
Table A.7.1 unconfined compressive test result of natural soil 
TP1@ 1.5m TP1@ 3m TP2@ 1.5m TP3@ 1.5m TP3@3 m  TP4@ 3m 
Axial 
Strain 
 
(q,kpa) 
Axial 
Strain 
 
(q,kpa) 
Axial 
Strain 
 
(q,kpa) 
Axial 
Strain 
 
(q,kpa) 
Axial 
Strain 
 
(q,kpa) 
 Axial 
Strain 
 
(q,kpa) 
0.08 8.10 0 0 0 0 0 0 0 0  0 0 
0.15 12.7 0.08 6.9 0.08 6.9 0.08 3.4 0.08 8.1  0.08 13.9 
0.23 20.79 0.15 11.6 0.15 10.4 0.15 7.9 0.15 15.0  0.15 26.6 
0.30 25.39 0.23 19.6 0.23 12.7 0.23 11.3 0.23 18.5  0.23 32.3 
0.38 31.13 0.30 24.2 0.30 15.0 0.30 15.9 0.30 23.1  0.30 36.9 
0.45 38.02 0.38 30.0 0.38 17.3 0.38 20.4 0.38 27.7  0.38 41.5 
0.53 48.36 0.45 36.9 0.45 19.6 0.45 22.6 0.45 32.3  0.45 44.9 
0.61 56.37 0.53 47.2 0.53 20.7 0.53 24.9 0.53 35.7  0.53 50.7 
0.68 63.23 0.61 55.2 0.61 24.2 0.61 31.6 0.61 41.4  0.61 52.9 
0.76 68.92 0.68 62.1 0.68 27.6 0.68 37.3 0.68 44.8  0.68 57.5 
0.83 72.89 0.76 66.6 0.76 31.0 0.76 41.7 0.76 48.2  0.76 64.3 
0.91 76.85 0.83 71.7 0.83 35.6 0.83 46.2 0.83 50.5  0.83 68.9 
0.98 80.23 0.91 75.7 0.91 39.0 0.91 51.3 0.91 53.9  0.91 73.4 
1.06 83.60 0.98 79.1 0.98 42.4 0.98 55.2 0.98 57.3  0.98 77.9 
1.14 86.97 1.06 83.0 1.06 43.5 1.06 57.4 1.06 60.7  1.06 82.5 
1.21 91.48 1.14 86.4 1.14 45.8 1.14 64.6 1.14 64.1  1.14 87.0 
1.29 93.69 1.21 90.3 1.21 46.9 1.21 68.5 1.21 67.5  1.21 90.3 
1.36 97.05 1.29 92.5 1.29 49.1 1.29 72.9 1.29 72.0  1.29 92.5 
1.44 98.11 1.36 94.8 1.36 50.2 1.36 77.4 1.36 76.5  1.36 94.2 
1.52 99.18 1.44 97.0 1.44 52.5 1.44 81.8 1.44 79.9  1.44 96.4 
1.59 100.24 1.52 98.6 1.52 53.6 1.52 85.6 1.52 83.2  1.52 99.2 
1.67 104.15 1.59 100.2 1.59 55.8 1.59 88.9 1.59 86.6  1.59 101.4 
1.74 107.48 1.67 104.1 1.67 56.9 1.67 92.8 1.67 91.1  1.67 104.1 
1.82 110.80 1.74 107.5 1.74 58.0 1.74 97.2 1.74 94.4  1.74 108.0 
1.89 114.69 1.82 110.8 1.82 60.2 1.82 101.0 1.82 98.9  1.82 110.8 
1.97 119.14 1.89 114.7 1.89 62.5 1.89 104.8 1.89 103.3  1.89 115.8 
2.05 123.59 1.97 119.1 1.97 63.5 1.97 107.5 1.97 107.2  1.97 119.1 
2.12 128.02 2.05 123.6 2.05 66.9 2.05 110.8 2.05 110.5  2.05 121.3 
2.20 132.45 2.12 126.9 2.12 72.5 2.12 112.9 2.12 113.9  2.12 125.8 
2.27 138.00 2.20 131.3 2.20 74.7 2.20 114.5 2.20 118.3  2.20 130.2 
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2.35 140.16 2.27 136.9 2.27 76.9 2.27 116.6 2.27 121.0  2.27 134.6 
2.42 141.74 2.35 139.6 2.35 82.5 2.35 118.8 2.35 124.3  2.35 139.0 
2.50 143.33 2.42 141.7 2.42 83.6 2.42 120.9 2.42 128.8  2.42 143.4 
2.58 144.34 2.50 143.3 2.50 86.9 2.50 124.1 2.50 132.0  2.50 146.7 
2.65 146.48 2.58 144.3 2.58 91.3 2.58 126.2 2.58 135.3  2.58 150.0 
2.73 147.50 2.65 145.4 2.65 96.9 2.65 128.4 2.65 138.6  2.65 154.4 
2.80 148.51 2.73 146.4 2.73 103.6 2.73 130.5 2.73 140.7  2.73 158.8 
2.88 149.51 2.80 147.4 2.80 108.0 2.80 132.6 2.80 142.9  2.80 163.1 
2.95 150.52 2.88 148.4 2.88 112.4 2.88 133.6 2.88 145.0  2.88 167.5 
3.03 151.53 2.95 149.4 2.95 119.1 2.95 135.7 2.95 146.0  2.95 171.9 
3.11 152.53 3.03 150.4 3.03 123.5 3.03 136.7 3.03 145.9  3.03 176.2 
3.18 151.29 3.11 151.4 3.11 127.9 3.11 138.8 3.11 144.7  3.11 180.6 
3.26 150.61 3.18 151.3 3.18 132.2 3.18 140.9 3.18 143.4  3.18 184.9 
3.33 148.81 3.26 150.6 3.26 140.0 3.26 141.3 3.26 142.2  3.26 188.1 
3.41 147.58 3.33 148.8 3.33 129.8 3.33 140.7 3.33 141.0  3.33 190.2 
3.48 146.35 3.41 147.6 3.41 119.6 3.41 139.4 3.41 138.6  3.41 195.7 
3.56 145.12 3.48 146.3 3.48 109.5 3.48 138.2 3.48 136.3  3.48 197.2 
    3.56 145.1 3.56 102.7 3.56 137.0 3.56 134.0  3.56 197.6 
    3.64 142.8 3.64 93.7 3.64 134.7 3.64 131.6  3.64 197.4 
        3.71 88.0 3.71 132.4 3.71 129.3  3.71 196.2 
          
 3.79 194.9 
          
 3.86 193.6 
          
 3.94 192.4 
          
 4.02 191.1 
          
 4.09 189.8 
          
 4.17 187.5 
          
 4.24 185.1 
          
 4.32 182.7 
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Figure A.5 axial strain with compressive strength relation of natural soil 
A.8 linear shrinkage test result 
Table A.8 1 Linear shrinkage test result of natural soil 
Station 
(Source) 
Depth(m) 
Initial Length 
LO,cm 
Oven dried 
Length LD,cm 
Linear 
Shrinkage,%, Ls 
=100(1-LD/Lo) 
TP - 1 1.5 14.00 11.75 16.07 
 
3 14.00 11.80 15.71 
TP - 2 1.5 14.00 12.00 14.29 
TP-3 1.5 14.00 11.90 15.00 
 
3 14.00 12.40 11.43 
TP-4 1.5 14.00 12.10 13.57 
 
3 14.00 12.10 13.57 
 
Appendix-B Sieve analysis of different proportion of demolished materials 
 
Table B.  Percentage passing with sieve size values for 10 % blending proportion 
0
50
100
150
200
250
0 1 2 3 4 5
q
(K
p
a
)
axial strain 
TP1,3m
TP2,1.5m
TP3,1.5m
TP3,3m
TP4,3m
TP1@1.5m TP1@3m TP2@2m TP3@1.5m TP3 @3m TP4@3m 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
50 100 50 100 50 100 50 100 50 100 50 100 
25 97.8 25 98.4 25 90.2 25 97.3 25 91.3 25 98.5 
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Table B.2 percentage passing with sieve size values for 35% blending proportion 
TP1@3m TP1@3m TP2@2m TP3@1.5m TP3 @3m TP4@3m 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
sieve 
size 
(mm) 
% 
passing 
50 100 50 100 50 100 50 100 50 100 50 100 
25 92.1 25 92.0 25 70.2 25 83.1 25 77.5 25 88.7 
9.5 76.0 9.5 76.1 9.5 53.8 9.5 68.2 9.5 63.4 9.5 74.5 
4.75 58.1 4.75 57.5 4.75 45.9 4.75 57.4 4.75 53.5 4.75 54.9 
2 46.9 2 46.1 2 38.9 2 49.8 2 43.5 2 38.4 
0.425 26.1 0.425 23.0 0.425 17.1 0.425 25.9 0.425 23.2 0.425 21.8 
0.075 19.9 0.075 16.7 0.075 6.2 0.075 4.6 0.075 8.5 0.075 16.5 
 
Appendix-C Atterburg limit test result for different proportion of demolished materials 
 
Table C- 1: atterburg limit result with 10 % of demolished materials for TP1, 1.5m 
  
      
 
Liquid Limit Plastic Limit 
No. of  blows 32 24 17 
  
Wt. of wet soil + Can (gm) 42.00 40.50 39.50 26.00 26.40 
Wt.of dry soil + Can (gm) 35.00 34.00 33.00 25.00 25.16 
Wt. of  Water (gm) 7.00 6.50 6.50 1.00 1.24 
Wt. of Can (gm) 20.00 21.00 20.70 21.20 20.90 
Wt. of dry soil (gm) 15.00 13.00 12.30 3.80 4.26 
Moisture Content (%) 46.67 50.00 52.85 26.32 29.11 
  
average (LL) = 49.84 Average(pl)= 27.71 
 
 
9.5 96.4 9.5 97.0 9.5 83.3 9.5 93.1 9.5 83.4 9.5 95.3 
4.75 92.7 4.75 93.2 4.75 75.1 4.75 89.5 4.75 76.4 4.75 89.6 
2 74.6 2 75.1 2 71.3 2 73.2 2 68.3 2 71.7 
0.425 53.1 0.43 57.9 0.425 57.4 0.425 53.1 0.425 53.7 0.425 57.1 
0.075 40.7 0.08 45.7 0.075 41.4 0.075 35.4 0.075 38.5 0.075 43.2 
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Table C- 2: atterburg limit result with 10 % of demolished materials for TP1, 3m 
 
Liquid Limit Plastic Limit 
No. of  blows 33 24 16 
  Wt. of wet soil + Can (gm) 41.29 40.58 41.22 26.60 26.58 
Wt.of dry soil + Can (gm) 34.03 33.47 33.93 25.17 25.16 
Wt. of  Water (gm) 7.26 7.11 7.29 1.43 1.42 
Wt. of Can (gm) 20.12 20.34 20.69 20.75 20.76 
Wt. of dry soil (gm) 13.91 13.13 13.24 4.42 4.40 
Moisture Content (%) 52.19 54.15 55.06 32.35 32.27 
 
Average 
(LL) =  53.8 
average 
(pl)= 32.31 
 
Table C-3: atterburg limit result with 10 % of demolished materials for TP2, 1.5m 
  Liquid Limit Plastic Limit 
No. of  blows 34 26 17     
Wt. of wet soil + Can (gm) 43.07 42.65 41.09 26.51 27.74 
Wt.of dry soil + Can (gm) 35.60 35.49 33.89 25.10 26.21 
Wt. of  Water (gm) 7.47 7.16 7.20 1.41 1.53 
Wt. of Can (gm) 20.11 21.02 19.80 20.31 21.04 
Wt. of dry soil (gm) 15.49 14.47 14.09 4.79 5.17 
Moisture Content (%) 48.22 49.48 51.10 29.44 29.59 
 Average(LL)   49.6 
Average 
(PL) 29.52 
 
Table C-4: atterburg limit result with 10 % of demolished materials for TP3, 1.5m 
 
Liquid Limit Plastic Limit 
No. of  blows 33 24 17 
  Wt. of wet soil + Can (gm) 47.00 48.33 45.06 27.11 26.72 
Wt.of dry soil + Can (gm) 38.04 38.79 36.60 25.55 25.11 
Wt. of  Water (gm) 8.96 9.54 8.46 1.56 1.61 
Wt. of Can (gm) 20.12 20.33 20.65 20.38 19.70 
Wt. of dry soil (gm) 17.92 18.46 15.95 5.17 5.41 
Moisture Content (%) 50.00 51.68 53.04 30.17 29.76 
  
average (LL)= 51.57 average 29.97 
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Table C-5: atterburg limit result with 10 % of demolished materials for TP3, 3m 
 
Table C-6: atterburg limit result with 10 % of demolished materials for TP4, 3m 
  Liquid Limit Plastic Limit 
No. of  blows 32 25 16     
Wt. of wet soil + Can (gm) 45.20 48.71 47.51 27.41 26.20 
Wt.of dry soil + Can (gm) 36.91 39.06 37.96 25.80 24.79 
Wt. of  Water (gm) 8.29 9.65 9.55 1.61 1.41 
Wt. of Can (gm) 20.33 20.38 20.19 20.25 19.83 
Wt. of dry soil (gm) 16.58 18.68 17.77 5.55 4.96 
Moisture Content (%) 50.00 51.66 53.74 29.01 28.43 
  
 
average (PL) 51.80 
average 
(PL)= 28.72 
 
Table C-7 atterburg limit result with 30 % of demolished materials for TP2, 1.5m 
 
Liquid Limit Plastic Limit 
No. of  blows 33 25 17 
  Wt. of wet soil + Can (gm) 45.30 44.90 44.20 27.70 26.88 
Wt.of dry soil + Can (gm) 38.30 37.89 37.39 25.87 25.49 
Wt. of  Water (gm) 7.00 7.01 6.81 1.83 1.39 
Wt. of Can (gm) 20.12 20.08 20.41 20.31 19.89 
Wt. of dry soil (gm) 18.18 17.81 16.98 5.56 5.60 
Moisture Content (%) 38.50 39.36 40.11 32.91 24.82 
  
average(LL) 39.32 average(LL) 28.87 
 
 
 
 
Liquid Limit Plastic Limit 
No. of  blows 33 24 16 
  Wt. of wet soil + Can (gm) 41.77 41.70 43.32 27.46 26.17 
Wt. of dry soil + Can (gm) 34.73 34.46 35.57 25.77 24.75 
Wt. of  Water (gm) 7.04 7.24 7.75 1.69 1.42 
Wt. of Can (gm) 20.20 19.96 20.38 20.29 20.17 
Wt. of dry soil (gm) 14.53 14.50 15.19 5.48 4.58 
Moisture Content (%) 48.45 49.93 51.02 30.84 31.00 
  
average (LL) 49.80 average(PL) 30.92 
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Table C-8: atterburg limit result with 30 % of demolished materials for TP3, 1.5m 
 
Liquid Limit Plastic Limit 
No. of  blows 34 24 17 
  Wt. of wet soil + Can (gm) 46.90 46.50 47.40 27.60 27.81 
Wt.of dry soil + Can (gm) 39.99 39.59 40.06 26.12 26.27 
Wt. of  Water (gm) 6.91 6.91 7.34 1.48 1.54 
Wt. of Can (gm) 20.10 20.30 20.00 20.35 19.88 
Wt. of dry soil (gm) 19.89 19.29 20.06 5.77 6.39 
Moisture Content (%) 34.74 35.82 36.59 25.65 24.10 
  
average(LL) 35.72 average(PL) 24.88 
 
Table C-9: atterburg limit result with 30 % of demolished materials for TP3, 3m 
 
Liquid Limit Plastic Limit 
No. of  blows 34 25 17 
  Wt. of wet soil + Can (gm) 44.27 41.60 44.13 27.50 27.45 
Wt.of dry soil + Can (gm) 37.49 35.48 37.07 25.71 25.77 
Wt. of  Water (gm) 6.78 6.12 7.06 1.79 1.68 
Wt. of Can (gm) 20.11 20.07 20.19 20.41 19.72 
Wt. of dry soil (gm) 17.38 15.41 16.88 5.30 6.05 
Moisture Content (%) 39.01 39.71 41.82 33.77 27.77 
  
average(LL)= 40.18 average(PL) 30.77 
 
Table C-10: atterburg limit result with 30 % of demolished materials for TP4, 3m 
 
 
 
Liquid Limit Plastic Limit 
No. of  blows 34 28 17 
  Wt. of wet soil + Can (gm) 42.71 43.25 40.70 27.80 27.30 
Wt.of dry soil + Can (gm) 36.42 36.80 34.83 25.99 25.65 
Wt. of  Water (gm) 6.29 6.45 5.87 1.81 1.65 
Wt. of Can (gm) 20.56 20.87 20.94 19.74 19.90 
Wt. of dry soil (gm) 15.86 15.93 13.89 6.25 5.75 
Moisture Content (%) 39.66 40.49 42.26 28.96 28.70 
 
 
 
averrage(LL) 40.80 
average 
(PL) 28.70 
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Appendix-D Moisture- density relation for different proportion of demolished materials 
 
Table D.1 moisture content and dry density values of 10 % blending proportion for all test pit 
                           MC- moisture content                DD- dry density 
 
Table D.2 moisture content and dry density values of 20 % blending proportion for all test pit 
 
Table D.3 moisture content and dry density values of 30 % blending proportion for all test pit 
 
 
  
combined compaction 
TP-1@1.5m TP-1@3m TP-2@1.5 m TP-3@1.5m TP-3@ 3m TP-4@ 3m 
MC DD MC DD MC DD MC DD MC DD MC DD 
12.77 1.31 12.84 1.40 12.50 1.41 14.67 1.32 14.75 1.44 9.64 1.37 
19.04 1.48 19.79 1.49 16.08 1.50 18.90 1.39 17.89 1.51 14.58 1.46 
25.49 1.55 24.97 1.56 21.32 1.60 24.51 1.53 24.81 1.60 21.10 1.61 
30.35 1.48 30.09 1.49 26.18 1.56 28.31 1.47 29.83 1.50 25.23 1.48 
combined compaction  
TP-1@1.5m TP-1@3m TP-2@1.5 m TP-3@1.5m TP-3@ 3m TP-4@ 3m 
MC  DD MC  DD MC  DD MC  DD MC  DD MC  DD      
12.36 1.40 12.84 1.40 12.68 1.39 13.51 1.31 12.84 1.41 9.45 1.39 
18.42 1.59 18.42 1.51 16.37 1.50 18.33 1.47 16.47 1.50 15.19 1.50 
22.78 1.59 22.68 1.60 20.25 1.64 23.35 1.57 22.05 1.63 19.64 1.61 
28.89 1.50 30.09 1.49 24.42 1.57 27.10 1.51 25.09 1.54 23.91 1.56 
combined compaction  
TP-1@1.5m TP-1@3m TP-2@1.5 m TP-3@1.5m TP-3@ 3m TP-4@ 3m 
MC   DD MC   DD MC   DD MC   DD MC   DD MC   DD 
11.93 1.37 11.93 1.37 10.67 1.41 12.13 1.34 13.76 1.43 9.37 1.42 
15.93 1.51 15.93 1.51 15.01 1.53 18.39 1.51 17.56 1.53 14.52 1.55 
20.77 1.60 20.77 1.60 19.46 1.66 22.95 1.61 21.05 1.64 18.62 1.65 
29.19 1.50 29.19 1.50 23.33 1.59 26.66 1.54 23.66 1.57 24.15 1.56 
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Appendix-E CBR and swell values for different proportion of demolished materials 
 
Table E.1 CBR, load and swell values 10 % blending proportion of TP1@ 1.5m 
test pit 1 @1.5m 
No of 
blows 
load(KN) DD (g/cm3) CBR % 
swell 
% 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.48 0.75 1.34 3.8 4.01 1.33 
30 0.80 0.97 1.48 6.0 5.01 0.95 
65 1.02 1.21 1.58 7.6 5.01 0.84 
CBR at 95 % of MDD 6.00% 
swell at 95 % of MDD 0.95% 
 
Table E.2 CBR, load and swell values 10 % blending proportion of TP1@ 3m 
test pit 1 @3m 
No of blows load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.46 0.70 1.34 3.8 3.52 1.32 
30 0.75 0.90 1.48 6.0 4.49 1.16 
65 0.97 0.97 1.58 7.6 5.82 1.01 
CBR at 95 % of MDD 6.00% 
swell at 95 % of MDD 0.93% 
 
Table E.3 CBR, load and swell values 10 % blending proportion of TP2@ 1.5m 
test pit 2 @1.5m 
No of blows load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.70 0.94 1.40 4.53 4.7 1.16 
30 1.36 1.62 1.52 10.57 8.13 0.99 
65 1.45 2.42 1.62 16.62 12.13 0.84 
CBR at 95 % of MDD 11% 
swell at 95 % of MDD 0.98 
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Table E.4 CBR, load and swell values 10 % blending proportion of TP3@ 1.5m 
 
Table E.5 CBR, load and swell values 10 % blending proportion of TP3@ 3m 
 
 
 
 
 
Table E.6 CBR, load and swell values 10 % blending proportion of TP4@ 3m 
 
 
 
 
 
 
Table E.14 CBR, load and swell values 30 % blending proportion of TP1 @ 3m 
test pit 3 @ 1.5m 
No of 
blows 
load(KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.75 0.99 1.30 6.04 4.8 1.06 
30 1.36 1.59 1.42 10.57 8.0 0.95 
65 2.4 2.57 1.55 18.13 12.8 0.67 
CBR at 95 % of MDD 13% 
swell at 95 % of MDD 0.88 
test pit 3 @3m 
No of blows  load(KN) DD (g/cm3) CBR % swell % 
  2.54mm 5.08mm   2.54mm 5.08mm   
10 0.90 1.07 1.30 6.79 5.34 1.12 
30 1.77 1.96 1.47 13.59 9.83 0.97 
65 2.32 2.57 1.61 17.37 12.86 0.78 
CBR at 95 % of MDD 15.00% 
swell at 95 % of MDD 0.90% 
test pit 4 @3m 
No of blows load(KN) 
DD 
(g/cm3) 
CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 0.58 0.73 1.32 4.53 3.64 1.29 
30 0.58 0.77 1.47 4.76 3.88 1.00 
65 0.61 0.85 1.62 7.87 6.07 0.88 
CBR at 95 % of MDD 6.00% 
swell at 95 % of MDD 0.96% 
test pit 1 @3m 
No of blows load (KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 1.82 2.46 1.29 13.78 12.32 0.44 
30 3.35 5.09 1.45 25.31 25.50 0.19 
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Table E.13 CBR, load and swell values 30 % blending proportion of TP1 @ 1.5m 
 
Table E.15 CBR, load and swell values 30 % blending proportion of TP 2 @ 1.5m 
test pit 2 @1.5m 
No of blows load (KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 1.95 2.63 1.41 14.7 13.17 0.34 
30 4.37 6.19 1.53 32.9 31.02 0.10 
65 7.81 11.49 1.68 58.9 57.59 0.04 
CBR at 95 % of MDD 42% 
swell at 95 % of MDD 0.08 
 
Table E.16 CBR, load and swell values 30 % blending proportion of TP3 @ 1.5 m 
test pit 3 @ 1.5m 
No of blows load (KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 2.25 3.05 1.37 16.98 15.3 0.16 
30 4.79 6.62 1.50 36.20 33.15 0.11 
65 8.99 13.53 1.62 67.92 67.79 0.09 
CBR at 95 % of MDD 44% 
swell at 95 % of MDD 0.11% 
 
 
 
65 7.25 11.07 1.60 54.78 55.46 0.10 
CBR at 95 % of MDD 42.00% 
swell at 95 % of MDD 0.13% 
test pit 1 @1.5m 
No of blows  load (KN) DD (g/cm3) CBR % swell % 
  2.54mm 5.08mm   2.54mm 5.08mm   
10 2.13 2.97 1.29 15.86 15.03 0.52 
30 3.61 5.51 1.50 27.19 27.56 0.17 
65 8.059 11.45 1.62 61.18 57.62 0.09 
CBR at 95 % of MDD 32.00% 
swell at 95 % of MDD 0.15% 
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Table E.17 CBR, load and swell values 30 % blending proportion of TP 3 @ 3m 
 
Table E.18 CBR, load and swell values 30 % blending proportion of TP4 @ 3m 
test pit 4 @3m 
No of blows load (KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 1.44 1.95 1.40 10.89 9.77 0.13 
30 3.39 4.53 1.53 25.63 22.73 0.12 
65 5.85 8.27 1.66 44.21 41.44 0.10 
CBR at 95 % of MDD 31.00% 
swell at 95 % of MDD 0.12% 
 
 
 
Figure E.5 load penetration curve for tp1 (3m), tp2, and tp3 (1.5 m) for 10% blending 
proportion 
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test pit 3 @3m 
No of blows load (KN) DD (g/cm3) CBR % swell % 
 
2.54mm 5.08mm 
 
2.54mm 5.08mm 
 
10 1.99 3.27 1.38 15.1 16.36 0.25 
30 3.82 5.94 1.50 28.7 29.75 0.14 
65 8.14 12.17 1.64 61.18 60.99 0.09 
  CBR    42.00% 
swell at 95 % of MDD 0.09% 
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Figure E.6 load penetration curve for tp1 (3m), tp2 and tp3 for 20 % blending proportion 
 
 
Figure E.7 load penetration curve for tp1 (1.5m), tp2 and tp3 for 30 % blending proportion 
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Figure E.8 CBR mold preparing for soaking at laboratory 
 
Figure E.9 CBR sample measuring swell before soaking 
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Appendix-F UCS values for different proportion of demolished materials 
 
Table F.1 axial strain with compressive strength values for 10% blending proportion 
TP1@ 1.5m TP1@ 3m TP2@ 1.5m TP3@ 1.5m TP3@3 m TP4@ 3m 
Axial 
Strain 
 q 
(kpa) 
Axial 
Strain 
q 
(kpa) 
Axial 
Strain 
q 
(kpa  
Axial 
Strain 
q 
(kpa) 
Axial 
Strain 
   q 
(kpa) 
Axial 
Strain 
q 
(kpa) 
0.08 10.4 0 0 0 0 0 0 0 0 0 0 
0.15 15.0 0.08 9.3 0.08 4.6 0.08 3.4 0.08 9.3 0.08 16.2 
0.23 21.9 0.15 13.9 0.15 5.8 0.15 6.8 0.15 17.3 0.15 28.9 
0.30 27.7 0.23 21.9 0.23 9.2 0.23 11.3 0.23 19.6 0.23 34.6 
0.38 32.3 0.30 26.5 0.30 12.7 0.30 17.0 0.30 25.4 0.30 38.1 
0.45 41.5 0.38 32.3 0.38 15.0 0.38 21.5 0.38 30.0 0.38 42.7 
0.53 49.5 0.45 39.2 0.45 18.4 0.45 22.6 0.45 32.3 0.45 47.2 
0.61 58.7 0.53 49.5 0.53 24.2 0.53 26.0 0.53 38.0 0.53 51.8 
0.68 65.5 0.61 58.7 0.61 25.3 0.61 30.5 0.61 42.6 0.61 54.1 
0.76 70.1 0.68 64.4 0.68 28.7 0.68 37.3 0.68 46.0 0.68 58.6 
0.83 74.6 0.76 68.9 0.76 31.0 0.76 44.0 0.76 49.4 0.76 65.5 
0.91 79.1 0.83 74.2 0.83 32.1 0.83 46.2 0.83 51.7 0.83 70.0 
0.98 80.2 0.91 78.0 0.91 36.7 0.91 49.0 0.91 55.1 0.91 74.6 
1.06 84.7 0.98 80.2 0.98 39.0 0.98 56.3 0.98 58.5 0.98 79.1 
1.14 89.3 1.06 84.6 1.06 40.1 1.06 58.5 1.06 61.8 1.06 84.7 
1.21 93.8 1.14 88.7 1.14 42.3 1.14 66.9 1.14 65.2 1.14 88.1 
1.29 94.8 1.21 92.6 1.21 43.5 1.21 70.7 1.21 69.8 1.21 91.5 
1.36 98.2 1.29 94.8 1.29 48.0 1.29 75.2 1.29 73.1 1.29 93.7 
1.44 99.3 1.36 97.0 1.36 50.2 1.36 79.6 1.36 77.6 1.36 95.3 
1.52 102.6 1.44 99.3 1.44 52.5 1.44 82.9 1.44 81.0 1.44 97.5 
1.59 104.8 1.52 102.0 1.52 54.7 1.52 87.9 1.52 85.5 1.52 101.5 
1.67 109.3 1.59 103.7 1.59 55.8 1.59 90.1 1.59 87.7 1.59 102.5 
1.74 110.9 1.67 108.7 1.67 56.9 1.67 95.0 1.67 93.3 1.67 106.4 
1.82 113.1 1.74 110.9 1.74 59.1 1.74 98.3 1.74 96.7 1.74 108.0 
1.89 118.1 1.82 113.1 1.82 60.2 1.82 104.4 1.82 101.1 1.82 111.9 
1.97 121.4 1.89 117.0 1.89 61.3 1.89 104.8 1.89 104.5 1.89 119.2 
2.05 123.6 1.97 121.4 1.97 63.5 1.97 108.6 1.97 108.4 1.97 120.3 
2.12 129.2 2.05 123.6 2.05 65.8 2.05 111.9 2.05 111.7 2.05 122.5 
2.20 134.7 2.12 129.2 2.12 69.1 2.12 117.4 2.12 115.0 2.12 126.9 
2.27 140.3 2.20 134.7 2.20 73.6 2.20 118.6 2.20 119.4 2.20 132.5 
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2.35 143.0 2.27 140.3 2.27 79.2 2.27 120.0 2.27 124.4 2.27 135.7 
2.42 146.3 2.35 143.0 2.35 82.5 2.35 121.0 2.35 125.5 2.35 140.2 
2.50 149.0 2.42 146.3 2.42 85.8 2.42 123.1 2.42 129.9 2.42 145.7 
2.58 151.1 2.50 149.0 2.50 90.3 2.50 125.2 2.50 135.4 2.50 149.0 
2.65 156.6 2.58 153.4 2.58 97.0 2.58 128.5 2.58 136.4 2.58 152.2 
2.73 161.0 2.65 156.6 2.65 104.8 2.65 130.6 2.65 140.8 2.65 155.5 
2.80 163.1 2.73 159.9 2.73 113.7 2.73 132.7 2.73 144.1 2.73 159.9 
2.88 165.3 2.80 163.1 2.80 118.1 2.80 133.7 2.80 151.9 2.80 164.3 
2.95 168.5 2.88 166.4 2.88 123.7 2.88 136.9 2.88 156.3 2.88 168.6 
3.03 171.7 2.95 168.5 2.95 130.3 2.95 142.3 2.95 160.6 2.95 174.1 
3.11 172.7 3.03 170.6 3.03 135.8 3.03 146.6 3.03 158.3 3.03 178.5 
3.18 175.9 3.11 172.7 3.11 140.2 3.11 150.9 3.11 155.9 3.11 182.8 
3.26 178.0 3.18 174.8 3.18 144.6 3.18 154.1 3.18 153.5 3.18 189.4 
3.33 174.1 3.26 177.5 3.26 152.3 3.26 157.8 3.26 151.2 3.26 194.8 
3.41 172.1 3.33 174.1 3.33 144.3 3.33 148.3 3.33 147.7 3.33 199.2 
3.48 167.1 3.41 172.1 3.41 137.5 3.41 146.0 3.41 145.3 3.41 205.7 
3.56 161.1 3.48 167.1 3.48 132.9 3.48 141.5 3.48 143.0 3.48 212.8 
3.64 154.5 3.56 161.1 3.56 130.6 3.56 137.0 3.56 139.5 3.56 218.2 
: 
 
3.64 154.5 3.64 128.3 3.64 134.7 3.64 137.2 3.64 213.0 
  
    3.71 122.6 3.71 131.3 3.71 133.7 3.71 209.5 
          
3.79 204.9 
          
3.86 199.2 
          
3.94 194.6 
          
4.02 192.2 
          
4.09 188.7 
          
4.17 186.4 
          
4.24 184.0 
          
4.32 180.5 
 
        Table F.2 axial strain with compressive strength values for 30% blending proportion  
TP1@ 1.5m TP1@ 3m TP2@ 1.5m TP3@ 1.5m TP3@3 m TP4@ 3m 
Axial 
Strain 
q 
(kpa) 
Axial 
Strain 
 Q 
(kpa) 
Axial 
Strain 
 q, 
(kpa) 
Axial 
Strain 
 q 
(kpa) 
Axial 
Strain 
 q 
(kpa) 
Axial 
Strain 
 Q 
(kpa) 
0.00 0.0 0 0 
              
0.07 0 0 0.0 0 0.0 0.0 0.0 
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0.07 16.8 0.07 10.1 0.15 3.5 0.07 7.9 0.07 11.2 0.00 12.3 
0.15 17.9 0.15 16.8 0.23 5.8 0.15 12.3 0.15 15.7 0.07 16.8 
0.22 24.7 0.22 22.4 0.30 9.2 0.22 15.7 0.22 20.2 0.15 21.3 
0.30 31.4 0.30 29.1 0.38 12.7 0.30 19.0 0.30 26.9 0.22 24.6 
0.37 33.6 0.37 33.6 0.45 15.0 0.37 23.5 0.37 31.3 0.30 29.1 
0.45 38.0 0.45 38.0 0.53 18.4 0.45 28.0 0.45 34.7 0.37 33.5 
0.52 42.5 0.52 41.3 0.61 23.0 0.52 30.2 0.52 39.1 0.45 38.0 
0.60 44.7 0.60 43.5 0.68 25.3 0.60 35.7 0.60 42.4 0.52 40.2 
0.67 48.0 0.67 48.0 0.76 27.6 0.67 37.9 0.67 45.7 0.60 42.4 
0.75 53.5 0.75 52.4 0.83 28.7 0.75 40.1 0.75 52.4 0.67 46.8 
0.82 56.8 0.82 55.7 0.91 31.0 0.82 43.4 0.82 55.7 0.75 50.1 
0.90 60.1 0.90 60.1 0.98 33.3 0.90 50.1 0.90 59.0 0.82 52.3 
0.97 62.3 0.97 62.3 1.06 34.4 0.97 53.4 0.97 62.3 0.90 53.4 
1.04 66.7 1.04 65.6 1.14 35.5 1.04 55.6 1.04 65.6 0.97 58.9 
1.12 68.9 1.12 67.7 1.21 36.6 1.12 61.1 1.12 71.1 1.04 62.2 
1.19 72.1 1.19 71.0 1.29 38.9 1.19 71.0 1.19 75.5 1.12 65.5 
1.27 74.3 1.27 73.2 1.36 40.0 1.27 77.6 1.27 81.0 1.19 69.9 
1.34 76.5 1.34 75.4 1.44 42.2 1.34 84.2 1.34 84.2 1.27 74.2 
1.42 79.7 1.42 79.7 1.52 43.4 1.42 89.7 1.42 86.4 1.34 77.5 
1.49 83.0 1.49 81.9 1.59 44.5 1.49 94.0 1.49 89.6 1.42 79.7 
1.57 87.3 1.57 86.2 1.67 47.8 1.57 102.8 1.57 92.9 1.49 86.2 
1.64 89.5 1.64 88.4 1.74 48.9 1.64 109.4 1.64 96.1 1.57 88.4 
1.72 94.9 1.72 93.8 1.82 51.2 1.72 115.9 1.72 99.4 1.64 92.7 
1.79 100.4 1.79 99.3 1.89 55.7 1.79 121.3 1.79 102.6 1.72 93.8 
1.87 104.7 1.87 103.6 1.97 61.3 1.87 125.7 1.87 104.7 1.79 98.1 
1.94 110.1 1.94 109.0 2.05 65.8 1.94 132.2 1.94 106.8 1.87 100.2 
2.01 116.7 2.01 115.6 2.12 69.2 2.01 137.6 2.01 111.2 1.94 103.5 
2.09 122.1 2.09 121.0 2.20 72.5 2.09 143.0 2.09 116.6 2.01 107.8 
2.16 127.5 2.16 126.4 2.27 74.7 2.16 148.3 2.16 123.1 2.09 113.2 
2.24 134.0 2.24 132.9 2.35 84.8 2.24 152.6 2.24 129.6 2.16 120.8 
2.31 138.2 2.31 137.2 2.42 90.4 2.31 146.5 2.31 135.0 2.24 130.6 
2.39 143.6 2.39 142.5 2.50 94.9 2.39 140.9 2.39 141.4 2.31 143.6 
2.46 146.8 2.46 144.6 2.58 97.1 2.46 133.7 2.46 147.9 2.39 155.6 
2.54 147.8 2.54 147.8 2.65 99.2 2.54 129.2 2.54 152.2 2.46 166.4 
2.61 153.1 2.61 153.1 2.73 104.8 2.61 123.6 2.61 158.6 2.54 184.9 
2.69 160.7 2.69 158.5 2.80 109.2 2.69 119.1 2.69 153.0 2.61 196.7 
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2.76 155.1 2.76 151.8 2.88 113.6 2.76 111.4 2.76 146.4 2.69 207.5 
2.84 151.7 2.84 147.3 2.95 118.0 2.84 105.9 2.84 140.8 2.76 196.4 
2.91 147.2 2.91 140.7 3.03 123.6 2.91 100.3 2.91 137.4 2.84 187.6 
2.99 141.7 2.99 136.2 3.11 129.1 2.99 94.8 2.99 130.8 2.91 177.6 
3.06 135.0 3.06 131.7 3.18 133.5 3.06 88.2 3.06 125.2 2.99 166.6 
3.13 126.2 3.13 126.2 3.26 140.1 3.13 82.7 3.13 120.8 3.06 153.4 
3.21 118.5 3.21 120.7 3.33 144.5 
    
3.13 143.5 
3.28 113.0 3.28 113.0 3.41 139.9 
    
3.21 133.6 
3.36 100.9 3.36 103.1 3.48 133.0 
    
3.28 123.7 
3.43 91.1 3.43 96.5 3.56 127.4 
    
3.36 119.3 
  
    3.64 122.8 
    
3.43 113.8 
    
3.71 114.9 
    
3.51 105.0 
    
3.71 110.3 
       
 
    
Figure F.1 preparing UCS sample from disturbed samples          Figure F.2 UCS samples  
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Figure F.3 UCS sample before applying load 
 
Figure F.4 UCS sample at failure after applying load 
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Figure F.5 axial strain with compressive strength relation for 10 % blending proportion of 
all test pit 
 
 
Figure F.6 axial strain with compressive strength relation for 30 % blending proportion of all 
test pit. 
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Appendix-G Linear shrinkage values for different proportion of demolished materials 
 
Table G-1 linear shrinkage values for 10 % demolished materials 
Station 
(Source) 
Depth(m) 
Initial Length 
LO,cm 
Oven dried Length 
LD,cm 
Linear Shrinkage,%, 
Ls =100(1-LD/Lo) 
TP-1 1.5m 14 11.8 15.71 
 
3 14.00 11.90 15.00 
TP – 2 1.5 14.00 12.10 13.57 
TP-3 1.5 14.00 12.00 14.29 
 
3 14.00 12.50 10.71 
TP-4 3 14.00 12.15 13.21 
 
Table G-2 linear shrinkage values for 30 % demolished materials 
 
Table G-6 linear shrinkage values for 35 % demolished materials 
Station (Source) Depth(m) 
Initial 
Length 
LO,cm 
Oven dried 
Length LD,cm 
Linear Shrinkage,%, Ls 
=100(1-LD/Lo) 
TP - 1 1.5 14.00 13.64 2.57 
 
3 14.00 13.65 2.50 
TP – 2 1.5 14.00 13.75 1.79 
TP-3 1.5 14.00 13.69 2.21 
 
3 14.00 13.80 1.43 
TP-4 3 14.00 13.63 2.64 
 
 
Station 
(Source) 
Depth(m) 
Initial Length 
LO,cm 
Oven dried 
Length LD,cm 
LinearShrinkage,%, Ls 
=100(1-LD/Lo) 
TP - 1 3 14.00 13.40 4.29 
 
3 14.00 13.42 4.14 
TP – 2 1.5 14.00 13.63 2.64 
TP-3 1.5 14.00 13.50 3.57 
 
3 14.00 13.68 2.29 
TP-4 3 14.00 13.40 4.29 
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Appendix-H Test result of demolished materials 
 
Table H.1 compaction test result of demolished material only 
Trial No 1 2 3 4 5 
Mold weight + sample (gm) 5936 5999 6150 6260 6240 
Mold weight (gm) 4403 4403 4403 4403 4403 
Sample weight (gm) 1533 1596 1747 1857 1837 
Mold volume (Cm3) 944 944 944 944 944 
Bulk density(g/cm3) 1.62 1.69 1.85 1.97 1.95 
Wet weight +can 123.90 196.33 193.41 214.61 229.01 
Dry weight + can 114.69 179.01 172.83 187.60 193.26 
Weight of can 18.54 22.30 23.65 23.53 23.60 
Weight of moisture 9.21 17.32 20.58 27.01 35.75 
Weight of dry soil 96.15 156.71 149.18 164.07 169.66 
Moisture content (%) 9.58 11.05 13.80 16.46 21.07 
Dry density (g/cm3) 1.48 1.52 1.63 1.69 1.61 
 
 
Figure H.1 compaction test result of demolished material 
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H.2 CBR test result of demolished materials 
Table H.2 CBR, load and swell values for demolished material only 
demolished materials 
No of blows  load(KN)   DD (g/cm3) CBR %   swell  
  2.54mm 5.08mm   2.54mm 5.08mm   
10 2.20 5.30 1.42 16.6 20.04 0.17 
30 5.72 7.84 1.50 43.05 37.07 0.08 
65 9.75 13.5 1.69 74.01 67.13 0.07 
CBR at 95 % of MDD 60% 
swell at 95 % of MDD 0.08% 
 
 
Figure H.2 CBR with dry density relation for demolished materials 
 
Figure H.3 Swell with dry density relation for demolished materials 
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Appendix –I Profile view of lateritic soil samples 
 
 
Figure I.1 profile view of test pit 1 
 
Figure I.2 profile view of test pit 4 
 
